A.  M.  BUTLEROV 


THE  125TH  ANNIVERSART  OF  THE  BIRTH  OF  THE  FOUNDER  OF  THE  THEORY  OF  CHEMICAL  STRUCTURE 


AND  OF  THE  SYSTEMATIC  SYNTHESIS  OF  ORGANIC  COMPOUNDS 


The  scientific  acltirit«  of  AlekMiuL'  MiiOullovidi  fcuderov  cpv rang  the  period  between  the  fifties  usd  the 
eighties  of  the  lAst  century,  was  AlieAdy  highly  AcclAlnted  by  his  leiding  contempctAiies.  The  further  we  move 
from  the  yeti:  of  his  activity  the  clf  aier  it  becomes  that  hi*  Kieoiillc  studies  directed  Qrgs.-iic  chemitsry  to  new 
routes  of  mulUaage  synthesis,  tc  the  invest igAtjoc  of  isorr.eric.  tautomeric  and  polynteric  transformations,  to  the 
eaahljihmcct  of  ihc  rhemicai  sTructuze  of  complex  compoundt.  anJ  aj  the  clariflctticn  of  the  mechanism  of 
c  he  mu;  a]  react  iocs. 

The  Theoretical  and  experimerital  investigations  of  A.  M.  Bmlerov  are  characterized  by  innovations  and  great 
penetration.  They  astonish  us  by  the  wealth  of  their  scientific  insight,  originaliiy  and  exijerirocnul  accuracy,  by 
their  most  valuable  discoveries  and  undertaxings.  The  mosl  important  experimenul  results  of  his  researches  were 
directed  toward  the  founding  and  developtrsent  of  the  theory  of  cheiTiical  structure  which  for  upward  of  90  years 
has  had  a  profound  and  progressive  influence  upon  the  development  of  organic  chemistry  and  the  >diole  of  chemi¬ 
cal  science.  T.ie  theory  of  che.-nical  Aructure.  whose  author  was  A.  M.  Butlerov,  must  be  regarded  a.*  one  of  the 
greatest  generalizations  of  science. 

In  the  ivi«  the  great  services  of  A.  M.  Butlerov  in  the  theoretical  field  have  sometimes  been  underrated  and 
even  forgonen.  Fven  today  the  same  lack  of  appreciation  of  his  work  may  be  noticed.  It  muff  therefore  be  em¬ 
phasized  that  Butlercv  is  indeed  the  founder,  the  architect  of  a  theory  of  chemical  structure  diffe.mg  fundamental¬ 
ly  and  m  principle  from  the  previous  theoretical  concepu  {!]. 

Science  is  indebted  to  him  for  the  logical  application  of  the  prlnc4>lss  of  materialistic  philosophy  to  the  study 
of  the  structure  and  properties  of  molecules. 

Characteristic  of  Butlerov  is  the  materialistic  and  even  dialectical  solution  cf  the  fundamental  problems 
of  organic  chemisuy  in  contrast  tc  the  u-oreallcx;  eclectic  and  idealistic  approaches  of  Cenard,  Kekul6,  Kolbe, 
Berthelot  and  other  great  chemlas  of  the  mid-aineicenih  ccaiuy  to  the  fundamcnul  chemical  problems. 

The  125ih  aruilversary  of  the  birth  of  Butlerov  fell  ea  September  6,  1963  (he  was  born  on  August  15, 

1828  In  the  town  of  Chistopol,  Kazan  province):  it  is  memorable  not  only  because  of  the  work  of  the  great  sci¬ 
entist  but  also  because  the  intervening  125  years  have  been  a  notable  historical  period  in  the  development  of  or¬ 
ganic  chemisuy.  This  is  Uue  In  particular  of  the  last  90  years,  after  BiUlerov’s  theory  of  chemical  suucture  had 
been  confirmed  by  him  In  coilaboraticxu  with  his  students  la  the  sixties. 

The  growth  of  Industty  ind  the  developmer.t  of  cs pttalism  (slso  in  Russia)  from  the  second  quarter  of  the  nine¬ 
teenth  century  led  to  more  aal  more  new  problem?  ii*  the  chemistry  of  organic  compounds.  A  veiy  active  study  of 
natural  organic  compounds  commenced  and  there  was  rapid  development  of  the  branches  of  Industry  iovoivirtg  the 
chemical  processing  of  natural  pvoducis  such  as  biturulnous  coal  (ilhLTilniting  gas),  petroleum,  starch  (K.  S,  Klr- 
choff,  1806-1815)  aoi  others.  Bit  after  Butlciov’s  theory  of  chemical  structure  had  become  generally  accepted  as 


s  bitic  pruKlple  of  organic  chemisuy,  the  ^aa  roatetui  of  that  icleace  wat  btougjit  Into  a  harmonioua  aystem  and 
the  tysiemattc  labotatoiy  and  industrial  tymbesis  of  organic  compounds  was  developed. 

Toward  the  end  of  the  twenties  of  the  nineteenth  century,  when  Butlerov  was  hern,  organic  chemistry  had 
already  coUected  not  a  few  valuable  observations  anl  discoveries;  the  composition  and  propetues  of  Impoitam  natu* 
ral  compounds  such  at  fats  were  being  Industriously  studied. 

The  firs  three  decades  of  the  past  century  and  the  subsequent  years  up  to  the  start  of  the  sixties  consritmed 
a  preparatory  period  in  the  development  of  the  theoretical  ideas  of  organic  chemistry  which  roiuided  off  the  {rutierov 
theory  of  chemical  aructute. 

The  forties  to  the  sixties  was  a  period  in  which  interest  was  shown  not  only  in  the  systematlcs  and  classiflca* 
tion  of  the  very  many  organic  compounds  that  were  alieady  known,  but  also  in  the  problems  o*  IjiJcng  and  arrange¬ 
ment  of  atoms  in  the  molecules  of  organic  substances.  Between  the  sixties  and  the  death  of  Butlerov  (18B6y  Oxgacic 
chemstry  was  eniirhed  by  notable  theoretical  and  experimental  researches  of  Butlerov  himself  and  his  pupils.  Even 
during  ots  lifetime  the  enormous  significance  of  the  theory  of  chemical  struct jre  had  become  manifest  and  the  dis¬ 
coveries  which  had  been  made  by  Butlerov  himself  in  the  experimental  field  were  begiiuiing  to  be  widely  dissemi¬ 
nated. 

Butlerov's  theory  of  chemical  structute  was  furthei  developed  in  ll»e  field  of  stereochemistry  by  the  Investiga¬ 
tions  of  Louis  Pasteur.  Van’t  Jteff  and  Le  Bel.  WuUcenus  and  others,  while  Butlerov  himsel^  made  a  valuable  coaui- 
buLon  to  the  concepts  of  the  spatial  distribution  of  atoms  in  molecules. 

Takirig  into  consideration  the  great  revolution  in  chemistry  and  the  vast  perspectives  revealed  to  synthetic 
organic  chemistry  througn  Biitleiov's  theory  of  chemical  structice.  we  can  dLstlnguish  the  following  fuodame.nial 
stages  in  the  history  of  o'garuc  chemistry: 

1)  The  pte-Eixlerov  period  (before  the  aari  of  the  slxnes  of  las  century)— a  period  of  accumulation  ol  the 
mott  Important  CTperLmemal  ^acis  and  of  the  creation  of  a  claaificaiion  of  organic  co  .pounds  (homologour  series, 
etc.):  In  this  period  v«ious  conflicting  ideas  were  reconciled  bv  several  tundameical  concepts  of  chemistry  and 
so.me  basu:  ideas  were  developed  for  the  *utu;e  thea'y  of  organic  chemistry. 

2)  The  Butlerov  period  —the  period  of  creation  and  introductloa  Imo  science  of  the  ihcoiy  of  chemical  stiur- 
iure  and  the  development  o»  ce'eochemistry  or.  lu  basis. 

3)  The  poa -Butlerov  period,  maiked  by  the  extensive  develcpmem  of  the  organic  synthesis  of  new  com¬ 
pounds  and  of  the  itripoitani  subs'arjces  of  the  vegetable  and  animal  lungdonu.  as  well  as  oy  the  strengthening  of 
the  :hc<ry  o*  chemical  st^xtxe  with  special  refeience  to  ilic  reciprocal  effects  of  atomics  and  groups  of  atoms  ui 
molecules. 

A.  M  Builero'-'  began  his  work  as  an  expeiimental  and  theoteticaJ  organic  chermst  in  the  'ifties.  in  a  peruxi  of 
sh; :p  f  or.’.over-y  in  k ieni’.f.c  chemical  idets.  and  he  feniltzed  the  researches  of  his  comemporarlei  by  indicating 
nc»»  suT*>  and  the  great  porenualaies  of  chemical  developmem. 

As  a  scieniist.  Butlerov  giew  up  at  Kazan  IJniversiiy  [2]  as  a  student  of  eminent  chemists:  K.  K.  Klaus,  dis¬ 
coverer  of  the  element  ruthenium,  and  N.  N.  Zinin,  famed  for  the  reduction  of  r.iuobenzene  to  aniline  and  other 
reactions. 

Sia.ilng  lo  deliver  lectures  at  Kazan  Univeisuy  at  the  age  of  21-22,  Builetov  at  once  distinguished  himself  as 
a  taiCnied  ..nd  versatile  lecturer.  At  the  earlv  age  of  2€  he  was  chosen  as  professor  at  Kazan  llniyersiry  wheve  he 
worked  from  18u0  to  1669.  In  1869,  when  we  was  called  to  Petersburg  ’Jnlve'sity  as  processor,  began  the  not  less 
glorx)us  Pe.etsbu'g  pe',cd  of  his  activity  as  a  scientist  and  teacher  In  Petersburg.  Just  as  in  Kazan,  Hu’.lerov  duert- 
ed  research  in  the  laboratory  and  was  always  surrounded  by  numerous  students.  In  1871  he  became  a  membei  o! 
t.he  Russian  Academy  of  Sciences,  a.nd  in  1874  he  was  elected  academician  extraordinary. 

With  his  peneuatlng  philosophical  intellect  and  great  mastery  eypc'rmer-tal  chemisuy.  Emlerov  fotnded 
the  renowned  Biclcrov  school  of  science  whose  rep.-esentaiive$  were  found  first  in  Kazan  and  later  in  Petersburg  r^n’ 
ve*iiiy  and  the  Academy  of  Scienrcs. 

The  members  the  Butlerov  school  were  the  pride  of  our  science 

Briliuni  leciuter,  talented  teacher  and  inspued  scientist,  he  rende.-ed  great  setvue  lo  ih.e  teachira  and  develop¬ 
ment  of  organic  chemistry  in  Poissia. 
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A.  M.  Butlerov  combined  iclentiflc  work  wUh  serious  social  acUvity.  thus  followii«  die  c»tom  of  the  pn* 
gressive  Russian  Intelligenuia  -  "six  decades*  In  the  national  interest. 

He  undertook  much  public  work  as  professor  and  rector  of  Kazan  University,  as  professor  at  Petenbutg  Oti- 
versity  and  u  Academician  (in  the  latter  capacity  as  active  member),  and  as  hesident  between  1879  and  1882 
of  the  Ruuian  Physicochemical  Society,  as  Chairman  of  the  free  Economic  Sodety  and  propagandist  of  efficieat 
bee-keeping,  as  a  great  worker  for  the  education  of  women,  and  soon. 

Aleksandr  Mikhailovich  Butlerov -scientist -patriot,  scientist-citizen -fought  both  in  the  university  and  in 
the  Academy  for  the  interests  of  Russun  science  with  great  rectitude  and 

A.  M.  Butlerov  died  suddenly  at  the  age  of  58  on  August  17  (Old  Style  Ai«utt  5),  1886  in  the  village  of 
Butlerovko  in  the  Spassky  dlsuict  of  Kazan  province  where  he  was  also  bialed. 

Chemists  of  the  Soviet  Union  are  assiduously  engaged  in  the  development  of  the  theory  of  chemical  ttructve, 
working  fruitfully  in  the  field  of  organic  synthesis  (or  the  solution  of  the  most  imporunt  theoretical  and  practical 
problems. 

in  connection  with  the  125th  anniversary  of  the  birth  of  our  great  compatriot,  A.  M.  Butlerov,  Soviet  chemists 
with  great  gratitude  again  take  note  of  the  most  Importaru  of  his  scientific  researches  from  which  stem  the  great 
achievements  of  organic  chemistry  in  the  USSR. 

1.  The  M^lec  ul  ar -At  omlc  Constitution  of  Substances  and  the  Atomic 
Weights  of  the  Elements  According  to  Dutlerov’s  Ideas 

In  his  scientific  vrark  Butlerov  was  a  materulist  who  regarded  a  compound  as  being  in  movement  and  in 
growth.  In  his  researches  it  is  .nut  difficult  to  see  the  logical  app'*''atioa  of  atomic -molecular  coocepa.  Only  with 
firm  belief  in  the  reality  of  molecules  a.nd  atoms  was  it  possible  for  Butlerov  to  expound  the  concept  of  the  strictly 
determined  che.mical  structure  of  chemical  compounds  and  of  the  representation  oi  the  composirirn  and  structure  of 
a  molecule  by  a  unique  chemical  for.mula. 

In  his  communication  of  18S5  13]  we  find  the  fellowina  opinions:  'The  atom  is  juw  as  real  an  entity  as  the 
molecule*  and  "in  our  opinion  we  nr.ua  speak  of  atom.$  at  If  they  were  real  ebjeen". 

Being  ccnvinced  that  the  chemical  elcmenu  aie  formed  from  simple:  componenl  particles,  Butlerov  arrived 
at  the  coiKluslon  that  certain  variations  in  the  atomic  weighis  of  elements  were  possible,  a'  also  (in  consequence) 
deviatioiu  of  the  co.mposition  of  chemical  compounds  from  the  law  of  constant  proponiona.  In  the  laboratory  But¬ 
lerov  (1862)  cairxd  out  experiments  aiming  at  clarification  of  this— for  his  day  -complex  problem:  these  were  bro¬ 
ken  off  by  his  lutexpected  death. 

Butlerov  thus  made  a  new  approach  to  the  problem  of  the  concept  of  tl.c  chemical  element.  This  funda¬ 
mental  concept  had  undergone  profound  changes  [5]  In  the  course  of  centuries;  it  acquired  new  features  with  the 
discovery  of  radioactivity  and  the  detection  of  Isotopic  phenomena  which  had  been  so  astonishingly  predicted  by 
Butlerov. 

Very  effective  tools  for  the  establishment  of  differences  in  the  mass  of  atoms  were  the  physical  methods  of 
investigation  developed  in  recert  tunes  and  stemming  directly  from  the  Crookes  tube  which  A.  M.  was  the  first  to 
demonsnate  in  Russia  in  1880  at  a  conference  of  the  physics  division  of  the  Russian  Physlco Chemical  Society.  In 
his  ideas  on  isotopy  Butlerov  was  30  years  in  advance  of  the  scieiKe  of  bis  day. 

2.  Chemism  is  Movement 

The  works  of  Butlerov  ('Intioduction  to  the  complete  study  oi  organic  chemistry*  (61  etc.)coniam  his  views 
on  chemical  affinity  and  the  units  of  valences  of  the  elements.  These  are  interesting  as  a  reflection  of  the  Ideas 
of  this  time  on  these  important  questions,  which  even  today  have  not  been  conclusively  solved.  Very  Importani,  how¬ 
ever,  is  his  general  dictum  In  regard  to  chemical  pherximena:  "Chemism  is  movcmeiu". 

According  to  Butlerov,  therefore,  chemical  phenomena  are  a  special  form  of  motion  which  may  be  mani¬ 
fested  in  thermal,  optical  and  electrical  phenomena.  He  draws  attention  to  the  •'Importance  of  the  relation  be¬ 
tween  the  chemical  acuon  of  electricity  and  the  concept  of  atomicity  which  plays  such  an  importau:  f«rt  in 
chemical  theory*  and  to  :he  cqiuvalerxre  between  electricity,  heat,  chemism  and  visible  mechanical  work.  In 
opposition  to  Berzelius  he  did  not  consider  it  possible  to  equate  chemical  phenomena  with  electrical  phenomena 
but  held  the  opinion  that  chemism  is  a  more  general  and  complex  form  of  motion.  It  must  be  remembered  that. 


according  to  Butlciov,  the  atomi  eaering  Into  the  composUion  of  moleculet  are  In  coatinuoui  movement  pi  ‘We 
look  upon  a  chemical  compound  not  as  on  a  dead  and  motionless  thing;  we  auume,  on  the  contrary,  that  tt  ia  en¬ 
dowed  wuh  cotuutit  movement:  this  is  Uue  alto  of  lu  minutest  particles  whose  recipmcal  leUtive  conOnuous  move- 
mente  are  resolved  into  a  certain  constant  average  reteH,"  However,  at  long  as  a  given  substance  exists,  this  move¬ 
ment  of  the  atoms  is  executed  with  maintenance  of  the  pievlous  'order  of  the  chemical  bond  between  the  atoms  In 
the  molecule,  and  tWi  constitutes  the  chemical  ttructice  of  the  substance*. 

•We  provisionally  say*  -we  read  in  another  of  his  communtcations  (1885)  [3] -“that  atoms  arc  combined  ot 
joined  with  one  another,  but  we  definitely  do  not  thereby  inply  that  the  atoms  actually  grip  one  another  ot  that 
they  are  relatively  immobilized.* 

In  his  communication  (in  Speyer  in  1861)  [8]  on  the  theory  of  chemical  stiuciuje,  EuUetov  reasoned  about 
the  linkage  strain  in  polyatomic  molecules  on  the  assumption  that  it  may  change  *acconilng  to  the  nature  of  the 
actual  substances  and  accordiiig  to  the  conditions  in  which  the  action  takes  effect.*  ConseQuently,  a  difference  In 
the  units  of  affinity  of  carbon  could  be  assumed.  At  first,  as  long  as  ?t  was  not  known  that  ethyl  hydride  and  di¬ 
methyl  were  both  ethane  (ilus  was  established  in  1864  fcUowing  the  work  of  Scho-lemmer),  and  as  long  as  other 
cases  of  suggested  isomerism  had  not  been  clarified,  Butlerov  suggested  the  hypothesis  of  different  uniu  of  affinity 
In  polyvalent  elements.  But  after  starting  a  more  detailed  study  of  the  Isomerism  of  hydrocaibons,  he  arrived  at 
the  conclusion  that  the  I'om^rlc  parafinic  hydrocarbons  can  only  differ  in  the  structure  of  the  hydrocarbon  sketetou. 
In  the  paper  on  •ih'=  affinity  of  polyatomic  partners"  [9]  we  see  the  transition  from  his  concept  of  the  difference  in 
units  of  affinity  to  the  IBea  of  the  mutual  Influence  ol  atoms  constituting  a  molecule:  'Here  and  now,  when 
speaking  of  the  difference  in  units  of  affinity,  it  is  impossj-ble  not  to  pcini  to  the  influence  which  is  exieted  on  the 
popaties  of  one  set  of  units  of  affinity  by  the  nature  of  the  partneis  linking  the  other  units,  and  it  is  even  cecec^ory 
to  add  that  the  difference  is  perhaps  governed  by  this  inflitence.* 

Builetov  afterwards  expressed  himself  several  times  in  opposUior  io  the  hypcihesls  of  difference  of  units  of 
affinity  when  derivlrig  possible  sti  jciuia!  Isomers,  thus  he  criticized  the  application  of  this  hypothesis  by  Kekuie 
who  had  enoneously  wntten  of  the  existence  of  three  propyl  alcchols  (1866-1856).  This  hypothesis  was  for  a  long 
time  adhered  to  by  Erlenmeycr  who  was  a  folic  wet  of  Butlerov  In  quest  iotis  o!  ike  theory  of  chemical  structure.  On 
the  tame  basis  Kolbe  erroneously  lepo.'ted  'he  existence  of  two  methylpmpyl  ketones,  Wnen  triphcnyimcthyl,  trl- 
bipbeaylmeifcy:,  etc.,  became  known,  theL'  existence  was  ascribed  to  the  phenyl  and  (i,'’  particular)  the  biphenyl 
radicals  attracting  more  affinity  to  themselves  than  usual  from  the  carbon  atom  of  methane.  .Reference  began  to  be 
m.ade  to  the  diflering  affinity  capacity  (capacite  affinitairc)  of  radical*,  l.c.,  the  differing  consumption  of  the  af¬ 
finity  of  the  caiboc  atom  by  different  radicals  (A.  Werner)  [10]. 

In  his  last  comm.unlcauon  to  the  Academy  of  Sciences  (1943)  A.  E.  Favorsky  [12]  re'umed  to  the  hypothesis 
o*  the  different  qiiotas  a'^in:ry  dL^butiied  by  the  catbon  atom  in  binding  diffeient  substituents,  but  he  modified 
the  hypothesis  by  rntroducing  the  cavept  of  a  supplementary  affinity  of  the  carbon  atom. 

Much  artenrlon  was  given  in  t  ie  twenties  and  thiniei  of  the  present  century  to  the  question  of  the  afllnity 
capacityof  diffetcht  radicals. 

Many  aixhots  have  arranged  radicals  in  order  of  affinity  capacity  on  the  basis  of  many  reactions  and  not  in- 
ftequently  with  conflicting  lesults.  Thus  in  the  dehydiation  of  glycols  and  the  isomerization  of  aldehydes  to  ketones 
we  obtain  comradictory  senes  in  respect  of  migration  ability  and  afflmry  capacity  [111 

The  concept  the  af^^inlty  ca.oaciiy  of  atoms  and  radicals,  as  fotm.ulated  by  A.  Weiner,  as  well  as  the  idea 
of  the  changing  'strain*  of  chemical  bonds  or  the  difference  in  relative  rT.agnitude  the  consumed  affinity  about 
which  both  Butlerov  and  Erlcnmcyer  speculated  (to  some  extent  also  Kolbe  -in  respect  of  carbonic  acid)  may  be 
crpediently  considered  in  the  light  of  the  electronic  hypothesis  of  the  variation  in  the  density  of  the  electron  cloud 
which  varies  for  diffeient  atoms,  l.e.,  the  so-called  elecuon  density. 

Butlerov  established  [23]  that,  contrary  to  Erlenmeyer’s  view,  isomerism  in  the  light  of  the  theory  of  chemical 
structure  is  not  the  result  of  a  hypothetical  dL^ference  in  the  units  of  affinity  attached  to  polygenic  atoms, 

Butlerov's  idea  of  the  mobility  of  atoms  ir.  a  molecule  {'dynamics,  not  statics')  was  clearly  expressed  in  his 
theories  of  Isomeric  and  tautomeric  phenomena  which  A.  E.  Favorsky  later  described  In  the  concept  of  equili¬ 
brium  lsometL»m  [.4]  and  Ihustrated  by  his  own  experiments  (tiansformauons  of  mono*  and  dibiomohydrins  of  alco¬ 
hols.  reversible  uomerizaUon  of  mono-  and  dlsubsili lued  acetylenes  and  allenes).  He  showed  that  isomeric  uans- 
.ormatlons  also  acquire  an  eq:  iUbrlum  character  in  certain  co.idltloiis.  as  is  typical  of  tautomeric  phenomena. 
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Butlerov  perslttently  directed  attention  to  the  Importance  of  applying  dynamic  Ideas  to  chemical  phenomena. 
Butlerov  gave  the  following  definition  of  a  chemical  compound  (7]:  "A  chemical  compound  cotstltutcs  a  speriflc 
relation  between  the  movemenu  of  the  atoms  in  a  molecule.* 

The  actual  existence  of  the  very  same  number  of  Isomers  for  a  given  structure  as  Is  predicted  by  the  theory 
of  chemical  structure  is  a  most  vivid  confirmation  of  the  theory  of  chemical  scucture. 

Butlerov  and  his  pupils  started  a  close  study  of  the  isomeric  cansformatloia  accompanied  by  re  arrange  meitt 
of  atoms  In  a  molecule.  The  first  (and  cleat)  example  of  Intramolecular  rearrangement  of  a  carbon  skeleton  (^.874) 
was  the  pinacolin  rearrangement  (15J.  Even  earlier  (1868)  Butlerov  had  noted  the  formation  of  a  secondary  alcohol 
instead  of  a  tertiary  one,  in  the  organozirc  synthesis  [16].  The  study  of  isomeric  aansformatlons  was  very  exten¬ 
sively  developed  by  A.  E.  Faversky  and  his  schooL 

Discussing  the  formulas  [17]  of  cyanic  acid  and  urea,  Butlerov  in  1862  arrived  at  the  conclusion  that  foi 
cyanic  acid  we  may  picture  'the  still  existent  but  transient  phase  of  its  aructure  which  may  exist,  for  example, 
during  conversion  of  cyanic  acid  into  carbon  dioxide  and  amnoala*. 

In  audles  [18]  on  “isodibutylene*  (dilsobuiene)  intereauig  coixclusions  weie  reached  in  connection  vrith  the 
problem  of  the  addition  of  water  to  oleflnlc  hydrocarbons  and  the  reverse  process  which  is  accompanied  by  lao- 
meitzation:  'We  third<  that  even  in  the  absence  of  a  catalyst  (which  may  be  sulfuric  aerd  in  this  example)  the 
rrolsciiles  of  some  substances,  doe  to  the  constara  breadkewn  and  re-fonnation  of  products  in  a  fresh  order,  are  coo- 
suntly  Isomcrizing.  changirig  from  one  modification  into  arother— and  converiCly  *  Burleiov*$  gieat  scientific 
perspicacity  suggested  tx)  him  the  possibility  of  an  equilibrium  shift  in  a  specific  direction,  a  process  found  to  be 
characteristic  of  the  equilibrium  mixture  of  lautomerir  substances:  “The  mass  cf  a  compound  contains  particles  with 
d  Jferent  structures  (saw  iwc)  arvi  when  these  molecules  are  susceptible  to  rearrangement  the  whole  of  this  mast  will 
narurally  unde’^go  reactions  cha'acterisiic  o'  one  of  the  struiturcs  or  reactions  cncracteristic  of  the  second  structure, 
dependmg  upon  the  na'^u'^e  of  the  reagents  employed,  i,e.,  dependir^g  upon  the  direction  of  the  effect  of  this  reaction.* 

In  1885  Laar  [19]  proposed  the  term  •tautorr.e';jsm*  for  ihie  pheiiome:»a  discovered  by  Butlerov,  but  Lear  ideal¬ 
istically  rnisinie'preted  them  by  attributing  an  osctllattng  character  to  the  transformations  and  a  multipie  molecular 
structure  to  the  molecules  of  ort  c  ..  the  sarr'c  subsiancc.  i.nstead  of  speaking  a'oOji  an  equilibrium  mixture  of  tautc- 
meric  compounds. 

3.  The  Chemical  Structure  of  Molecules  and  Its  Representation 
by  Chemical  formulas 

A  fundamental  law  of  chemistry  was  formulated  tsi  Bu'lerov’s  theory  of  chemical  structure:  Inherent  in  each 
chemical  compound  is  a  stricily  defined  order  of  the  reciprocal  chemical  luikiTig  o  the  atoms  constituting  its  mole- 
c  ule,  all  the  properties  of  a  compound  bci'  g  governed  by  rts  chem.cal  structure  wh-’e  the  chemtcai  propenies  of  the 
atoms  and  groups  o^  atoms  in  the  molecule  -  linked  to  one  another  or  not  dbectly  linked  —depend  on  their  teclixocal 
c'^ects  and  the  ex»err.al  conditions. 

Chemical  structure  is  established  unamb'guo'usly  by  chemical  (synthetic  and  analytical)  and  physical  methods. 

A  chemical  formula  —one  unique  for  each  chemical  compounu  —must  reflect  “the  mode  of  the  mutual  chemical 
bonding  of  the  clemer.tary  components  (atoms)  in  the  molecule".  Butlerov  also  wrote  [6]:  "It  would  be  correct,  in 
the  present  state  of  knowledge,  to  apply  the  term  'rational  formulas*  only  to  formulas  which  reflect  the  chemical 
ssi’Xtute  of  molecules.* 

The  problem  o'  the  arrangement  of  atoms  in  a  molecule,  already  posed  in  a  general  form  by  M.  V  Lomonosov, 
began  to  receive  ever  increasing  attention  after  The  development  of  mahods  of  quantitative  analysis  of  organic  com¬ 
pounds  and  the  introdurrion  of  chemical  foirtudas  for  the  elementary  composition  with  representation  of  e.ach  cneml- 
cal  element  and  its  relative  amount  by  the  fust  letters  the  Latin  name  (Berzelius,  1813). 

On  the  basis  of  the  old  radical  theory,  whxh  merged  with  tlie  clccirochemical  hypothesis  of  Berzelius  chemi¬ 
cal  formulas  indicated  two  simple  or  more  complex  portions  which,  so  to  speak,  “preexist*  in  the  molecule  in  ques¬ 
tion.  Thus  the  formula  of  saltpeter  would  indicate  that  potassium  nitrate  consists  of  anhydrous  nitric  acid  and  po- 
tasiium  oxide,  while  the  fo'mulas  of  organic  compounds  a:e  represen’ed  by  “preexistent*  radicals  for  which  an  inde¬ 
pendent  existence  was  originaily  postulated. 

In  our  own  time  the  application  of  the  idea  of  “preexistence*  of  one  complex  body  In  another  can  be  seen  in 
the  usual  fotmulas  of  molecular  compounds.  Characteristic  of  typical  complex  compounds  are  more  complex  re¬ 
lations  be.kzen  the  components  of  the  molecule  but  also  in  these  formulas  a  son  of  “preexistencc*  is  attributed  to 
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slmplei  molecules  In  the  compounds  (In  ammines.  hydrates,  etc.). 

The  problem  of  molecalat  compounds  has  been  adequately  clart^’.ed  by  A,  W«nci'8  lueory  with  reference  to 
typical  complex  compounds. 

Concernlrw  compounds  for  which  it  is  difficult  to  decide  “whether  we  are  dealing  with  chemical  molecules 
or  aggregates  o»  molecules  which  adjoin  cue  another*,  Butlerov  [7] spoke  as  follows  (1879)  about  molecular  com¬ 
pounds:  “We  have  no  criteria  as  yet  fox  strict  demarcailon  of  a  chemical  fnolecule  from  an  aggregate  of  mole¬ 
cules.  vrtule  tbe  t-amiilon  o^  the  latter  Into  solielons,  etc.,  is  quite  gradual  and  imperceptible,* 

We  knew  that  physicochemical  aiulysls  in  the  hands  of  D.  L  Mendeleev,  N.  S.  Kurnakov  and  thej  pupils 
made  a  valuable  contribution  to  out  understanding  of  solurions,  melts,  and  molecu'at  compourds. 

According  to  Ger’aru's  unliary  theory,  In  harmony  with  Liebig's  theory  of  polybasic  acids,  the  suggetfion 
was  made  of  the  “preexisterice*  In  sulfuric  acid  of  sulfur  trioxide  a'ld  wiret,  while  salts  were  regarded  as  conat.- 
tuted  by  metallic  oxide  and  acid;  the  molecule  was  thus  regarded  as  a  unit.  The  unitarists  bad  a  different  concep¬ 
tion  of  organic  compounds.  'Radicals  (wrote  Butlerov  apropos  of  the  un'raty  ihcoT^)  a:e  those  group*  wK:ch  aie 
encountered  in  the  compositron  different  complex  subsrances:  they  have  the  abJ'ty  to  be  uansfer’td  by  certa,.a 
reagents  from  one  subsunce  to  another  and  may  thus  be  regarded  as  replacing  cetuln  elementary  particles*  (61 

The  formulas  consequently  indicated  that  in  a  typical  substance  (hydrogen,  water,  hydrogen  chloride,  am¬ 
monia)  the  hydrogen  atoms  are  replaced  by  organic  radicals,  however,  the  ccncepr  of  types,  according  to  Butlerov, 
'does  not  represent  an  IrJierert.  ma’erlal  subscription  to  the  unltaTr  theory  bur  a  close  merging  with  the  latter*  psi 

The  prirsciple  of  substitution  fouixl  wide  application  in  o.'ganic  and  inoigamc  chemistry,  especially  svith  the 
iri'oductlon  into  science  o‘  the  docuine  of  aio.Ti'xay  of  elements  (rranklarJ,  1852;  OdUrig,  1854,  etc.),  in  par'i- 
cular.  the  quadrtvaien-'  e  of  ratbon  was  established  by  Kckuie  and  Kolbe.  Dumas  equated  lliC  substtiution  principle 
with  MiischeiUch's  d!X.irir.e  of  Isoraoiphism,  but  the  ilmllatity  Is  remote. 

Kclbe,  who  'or  a  long  u:ne  remained  an  adherent  of  the  theory  of  radicals  and  an  opponent  of  the  theory  of 
cherracal  structure,  combined  *he  {c.r.mer  with  the  ideas  pjof  subiiUutiOD  which  he  used  c.xicniively  and  in  :-ome 
cases  with  successful  results.  He  pointed  to  tlx  pos:.biii!y  of  tins.eoct  of  secondary  and  tert-ary  alcohols  (1859;. 
and  ef'ecied  suba'iurlon  o'  the  Lvd.-ogera  in  a  radical  o'  a  sample:  alcoliol  by  o*het  radicals.  Bur  by  utilizing  arbi¬ 
trary  methoci  ,n  applying  the  lubstitmion  ptinctple,  he  frequently  fell  into  error,  as  'o:  instance  in  assuming  the 
existence  c'  two  methylp-ropyi  ketoocs. 

In  Butlerov's  papc'  (1864)  [20]  'on  the  systemai'c  application  of  the  principle  o'  atomiclry*  to  the  ptedic- 
'lon  isomeiism  acd  meia.T.erism,  we  find  the  following  pas.>age:  'how  faulty  become  derivations  when  jubstru- 
tion  IS  broijghr  iao  the  'o'eg  ound  and  the  theory  of  chemical  structure  (constitution  o:  points  o^  application  of 
af'.ntty)  _s  put  or.  orjc  side.' 

K.  A  Menshu  kin  [21]  for  a  long  time  expressed  h.jnself  (1878.  1885)  against  the  theory  of  chemical  structure 
and  aTterrpted  to  show  tha'  the  tsometism  of  hydrocarboru  can  be  quite  satisfactorily  explained  by  the  substuixion 
'heory  without  re'e-ence  to  tne  theory  of  strte'ture. 

Tht  frcT"  che.mtir  Bcr  helot,  who  had  acquired  a  g’eal  repu’ation  in  the  ^l:si  hal'  of  ’he  19ih  cen'ury  by 
h;s  successful  syntheses  of  suT.pie  organic  co-mpounds.  adhered  in-ihe  sixties  loth:  tighiies  [3]  lo  the  same  theory 
of  subs'.Tir.^n  in  a  sl.g.hr]..  nvodj^  cd  fo'm  (k.iowp.  as  the  theory  of  generators)'  according  to  his  theory,  the  consti- 
tu*  on  o'  a  compound  tep-esoced  b'^  tliecqaauon  o'  its  formation  from  B  selected  generaior  Berthelot  tfxplatrted 
the  d  "e-ent  p'ope-"c»  of  Iso.'r.crs  by  differences  In  generators  (ita.Ting  substances)  and  not  by  different  chemical 
struct  utes 

Berrhelot's  c!it:c'.im  o'  tr,e  theory  of  chemreal  arucuuc  was  described  by  »ir.le.rov  (in  his  1879  paper)  as  *!»» 
cltem.cal  -ealism  h'.s  evaluation  of  Benhclot's  views  was  summed  up  in  the  phrase  'chemical  nihilism'. 

The  pnnc.ple  o^  SufasTiiution  is  fundamen’ally  co-rcct  and  In  tbe  case  o'  simpler  compounds.  It  provides  gra¬ 
phic  examples  fo*  teachers,  as  s  evident  for  insta’.ce  ''cm  D„  L  Mer*deleev's  utilization  of  the  principle  of  subscl- 
tijt.on  in  F^^nCiPiCs  o.  Chem-st.y  m  the  dervation  of  n-troge-  derivatives  However,  the  principle  of  substituiion- 
as  Biitierov  conec.l,  po.ntcd  oiT,  a  a  narrower  concep:  o'  secoudar)!  Importance  In  comparison  wnh  the  theory  of 
chemical  sructu.’e. 

la  recen  years  Yu  A  Zhdanov  [22]  and  others  have  drawn  atientlon  to  the  previously  ig.noied  materlali<ic- 
lectical  aspect  of  the  .heo.y  o  chemical  structure  and  to  &uilero’''s  concept  o'  the  chemical  formula  as  the 
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reflection  of  the  actual  order  of  the  chemical  linking  of  atoms  in  a  molecule.  Apart  from  the  immediate  pupila 
[23]  of  Butlerov  such  as  V.  V.  Markovnikcy,  man^  authors  [24]  have  paid  high  tribute  to  the  tremendous  achieve* 
ment  of  Butlerov  in  firmly  introducing  into  science  the  theory  of  chemical  suuctiae,  but  they  have  not  properly 
demarcated  the  theory  of  chemical  structure  from  the  doctrine  of  the  valeace  of  elements,  from  the  ideas  of  die 
linking  of  atoms  in  the  molecule,  from  the  principle  cf  substitution  and  from  other  infeiences  from  ptevtom  theo* 
retical  vlevs  (homologous  series,  the  concept  ot  radicals)  utilized  by  Bfflerov  in  his  theory  of  chemical  ttructine. 

A.  M.  Butlerov  enunciated  original  ideas  on  die  following  upeas: 

1)  The  specific  order  of  chemical  bonding  of  atoms  in  a  molecule. 

2)  Methods  of  establishing  chemical  structure  by  synthetic,  analytical  and  physical  methods. 

3)  Strict  demarcation  of  the  problem  of  chemical  structure  in  the  sense  of  die  order  of  chemical  bonding  of 
atoms  from  the  problem  of  the  spatial  arrangement  of  atoms  (constitutional  concept  of  Laurent).  Butlerov  proposed 
the  tetrahedral  model  of  the  carbon  atom  before  Van’t  Hoff  and  Le  BeL  Bstleiov  thereby  clearly  expressed  the 
necessity  of  ei^laiutlon  of  the  existence  of  "physical  isomers*  (optically  active  and  other  isomers)  from  the  ttaod* 
point  of  the  spatial  anangement  of  atoms  in  the  molecule:  this  must  be  legarded  as  a  development  of  the  theory 
of  chemical  sQuc*iae. 

4)  Isomerism  as  an  Inevitable  consequence  of  the  definite  chemical  structure  of  compounds  cf  saturated 
and  unsaturated  types  with  a  clear  formulation  of  :he  concepts  of  double  and  triple  bonds. 

5)  Tautomeric,  isomeric  and  polymeric  transformations  (associated  states  of  equilibrium)  as  a  conse¬ 
quence  of  the  dynamism  oi  atoms  in  the  molecule  which  leads  to  die  cempeunds  which  are  most  stable  under  the 
given  conditions. 

6)  The  doctrine  of  the  chemical  formula  as  the  representaticD  of  the  actual  order  of  .the  chemical  boootng  of 
atoms  In  the  molecule. 

It  is  true  that  the  theory  of  cubsiJturion  and  the  iheo.''y  of  types,  and  indeed  the  unlury  sr-stern  and  the  old  theory 
of  radicals  and  substitution  (  Kolbe),  in  no  way  conflicted  wuh  the  princtpie  that  each  chemical  compound  must  be 
ch.itacteri2cd  by  a  single  formula.  Neve.'theless,  Genard,  Kekulc  and  tbc  ether  "typists"  made  an  uorcaliaic  and 
generally  idealisric  approach  to  this  problem.  Gerrard  srared  that  we  om.  kraw  the  past  and  fu'ure  molecules  re- 
siiii.ng  from  chemical  reactions  and  not  the  present  molecules.  Gerratc  ini  later  Kekule  (aiter  1861)  considered  that 
as  many  formulas  may  be  attributed  to  a  chemical  compound  as  theic  aie  tneil-ods  fo'  its  preparation.  In  his  1S61 
lepor  [8],  however,  Butlerov  wrote;  "If  we  now  atiempl  to  specify  the  cbe.TJcal  stuxtue  of  s  ibstances  and  ii  we 
sixrceed  in  expressing  it  by  our  formulas,  then  iliese  formulas  will  be  (r»ot  cc— pietely  to  a  certain  degree)  teal 
and  rational  formulas.  In  this  sense  only  one  rational  formula  will  be  possitlr  for  er.ch  compound." 

In  the  pages  of  our  chemical  [25]  and  general -philosophical  journals,  as  well  as  in  many  symposia  [26]  it 
was  shown  that  the  polystructa'ahty  of  the  resonance  and  metomeric  formulas,  like  the  "resonance"  of  Whelandand 
the  'mesomerisn;*  of  Ingold,  aie  completely  fallacious  and  idealistic  concepts  devoid  of  any  basis  ir.  quantum 
chemistry  and  radically  in  conflict  with  Butlerov’s  theory  of  chemical  srroc^-xe. 

The  representation  of  the  structure  of  any  chemical  compound  by  two  forr.ulas  between  which,  as  u  were, 
the  true  structure  lies  is  enruely  pointless  because  each  compound  is  different  from  any  other  and  the  formula  ex¬ 
presses  the  chemical  structu'e.  Consequenily,  the  conclusion  (in  the  sciise  o*  V.  A.  Izmailsky’i  mesomcrism)  that 
the  aructure  of  a  given  substance  lies  tieiween  two  certain  struciures.  l.e  ,  between  two  formulas,  is  meaningleu 
[26]  As  long  as  a  chemical  aructure  Is  not  fully  proved,  we  may  propose  hypothetically  one  or  several  formulas. 

Chemical  aructural  formulas  express  the  order  of  the  chemical  linking  of  atoms  on  the  basis  of  a  study  of  the 
chemical  and  physical  properties  of  compounds,  and  therein  resides  th<*ii  value  for  chemistry.  There  is  no  doubt  also 
that  spatial  formulas  In  organic  cherniary  and  In  the  chemlflry  of  complexes  adequately  represenr  the  true  geo¬ 
metrical  relatioiu  of  the  atoms  in  molecules. 

For  the  representation  of  the  chemical  suucturc  of  experimentally  prepared  molecules,  Butlerov  made  use  of 
the  valence  concept  (Odlir^,  Frankland),  of  the  principles  of  sabsntution  arc  oi  ine  concept  of  linking  of  atoms 
iormuiated  in  the  papers  of  Kekule  (1858j,  Couper  (1858)  and  IcschThIdt  (Irtl:.  Only  Couper  (before  1861),  how¬ 
ever,  and  not  Kekule  applied  the  theory  of  linked  atoms  »o  the  reptesentatio:  of  formulas,  and  even  these  formu¬ 
las  bore  a  formal  and  abnuary  character.  Butlerov  gave  proved  chemical  fcr.-rulas  for  a  series  of  compounds  and  — 
on  the  basis  of  this  materialistic  theory  of  chemical  structure  -he  de.monsuated  the  ptediciive  value  of  the  formu¬ 
las  of  the  theory  cf  chemical  structure  in  regard  to  isomers  as  early  as  lbo3.  Finally,  the  derivation  of  chemical 


fo'r.'JulM  is  -ounded  cn  the  docuine  the  awm’r -molecular  constautlon  of  substances,  of  atomic  welfihu  and  of 

valence.  Puilemv  said  tn  his  commur.ication  of  18B5:  'What  vould  be  »be  ilgiuflcance,  we  may  »sk,  of  any  one 
of  our  formulas  with  Its  atomic  symbols  If  the  concept  o*  the  atom  did  not  teprttetu  some  «pec..lc  reality  fo:  usT* 

V^ile  lepiesentlnB  the  ordei  of  the  chemical  bond  of  atoms,  the  usual  structura*  formulas  do  not  plctuce 
those  reciprocal  effects  of  atoms  and  atomic  fltoupisgs  which  are  depe:^de^l  cn  the  chemical  ttiuctice  nod  the 
nature  of  the  atoms  and  which  are  characieiistlc  of  molecules  a  given  conditions.  Since  the  time  O'  fiutle-o  <  and 
Matkovnikov,  whose  work  led  to  the  adoption  in  organic  cherafstry  of  the  doc’.lrtc  of  the  reciprocal  Jiflucurc  o 
atoms,  very  many  divese  rules  have  accumulated  in  rega'd  to  the  muiial  urflticacc  of  atoms,  itacii'ic  go,.p.  ar»d 
fad^^cals.  in  this  connection  Buslerov  said:  ‘When  general  lavs  become  known  for  tl'C  cependetree  o.  khe  ctenu- 
cal  pcoperties  of  substances  on  theli  chemical  structure,  then  such  formulas  (i.c.,  real  rational  formulas  In  Etc - 
lerov's  sense)  will  be  the  exp:essmn  of  all  these  pccpenies*. 

In  connection  with  electtonic  concepts  ino.ganic  chemiary  the  problem  aiises  of  the  clanflcatioi:  and  re¬ 
presentation  by  electronic  formulas  of  the  mtf  ual  effects  of  atoms  In  molecules  (electronic  ef.ee ts).  .infortanately. 
It  h**  not  so  far  been  possible  to  arrive  at  any  conclusive  results  In  this  co!i.':«criori.  The  treatmear,  6n  the  basis  of 
electroiuc  theories,  o:  the  van  amount  of  experjaental  material  or.  the  mj,..at  .n.lyencei  of  at«m»  and  atomic 
groupings  with  reference  to  the  a>le  of  the  reactac:  and  the  external  conditions,  lep'esems  an  Important  task  of  or¬ 
ganic  chemistry,  and  constitutes  a  further  bmadenieg  a'  Surlerov's  theory  of  chern'cal  sisuctuie. 

The  existing  symbolism,  l.e,;  the  method  of  rep^esenrailan  on  paper  o'  tr-e  ade*^  of  chemreal  link'rsg  or  the 
recording  of  the  fonnula  of  a  molecule  in  a  plane  o'  ir.  space  Is  a  mattei  of  congestion. 

There  also  is  a  need  to  work  ou*  a  mo:e  op-esive  i.vmbo!..,m  :o-  ’-he  repe^/en-ation  of  i.he  mutual  influ¬ 
ences  of  atoms  as  a  f.rs»  ktage  in  »he  de'-elop.Tieni  o*  the  e  ecfonlc  theory  on  the  basis  o'  ^he  chaege  In  denslry 
of  the  electron  cloud.  The  siudy  of  the  pb>Tcsl  cha.'ane::iut  s  as  a  supplemen*  to  that  of  the  chemical  chaiac- 
terutics  would  also  throw  Lghi  on  this  aspect  o^  molec  ulat  chararteiisTtrs. 

4.  The  V  al  ne  of  Put  1  grov*s  Fxpe*imeutsi  Inveitf  gatiocs 

Butlerov  •'a*  respoiu'ble  for  a  g  ea:  numbe  o:  fiVablc  ft>pe.imf-c.’a’  pudicr  [17]  •Siirh  rz  e  lojig  l«ea  :.r>d‘J:g 
e»ie!».vc  applies:  lot.  tn  science  ard  tecrnology  ard  have  beer  'cLioveo  up  .n  '^a'loio  direct  or.s  by  cnem:jti  in 
otre;  cotj.L-ies.  These  .nvest-gations  are  so  well  kx*»~  tr.a»  ii  is  unrrec es*a-’>  to  defa  l  oein.  We  may  »  ngle  ou: 
foi  spcc.al  nten.ioi;  ris  l.’rveir.'gat.o.cs  or,  ’he  o:  isomers  of  ^'araied  arc  o’ei.p.f  r.  .droca'bons  and  o'  mono 

hydric  alconols  (espec  aliy  '.runetf.ylcarbxu*!  and  o'le.  teriui'^y  alcohols).  WelJ-finowr.  arc  nis  srodles  on  tsomcrlc 
i.’ans'orma’lons  (the  p  nacolin  rca.ra''gCiTic:i,  cic.). 

The  svirhesis  •'orSed  otr  -n  dfail,  ol  lemarv  alcohols  by  the  o’ganozinc  method  was  the  sian  of  the  *ra’.t- 
‘  Jo'ganoai'V  ~.s>e.fao  sa’ura’ed  alcorc^  (a  M  2a.’>e  .  f  E  ag’ur*,  .  £.  't-drrler.i.o  anc  o  r-’  y  ar.<j  o 
u’Vva’ura’ed  air  ohois  (Zartse'  il'ohoh),  of  hyd-o^y  a--  d'.  (the  Rec'matiKy  svnrhois)  ar.d  o'  othe^  rlas  es  o‘  organic 
compour.d=  We  k*-.o<-  that  The.e  o  gar.ozj)c  s->n:he,.e.  ro’ra  rhe  baf,s  q'  the  •ell-knc-n  o  garjOtr.agne>ium  ryn  hes's 
v(i.  hhas  ..4)e-seded  »hc  o-ganoc'r.r  syrrbess  In  ;‘r.e*e,  jus;  as  ix.  otbe.  :n-e;r',gai'or:i,  Puric’ov  ”so  oaghly  .rvcs*.i 
gated  the  mefhan.sm  o:  the  *eaci  ons. 


Ks  It vevt.gatjom  on  o^eflnir  hvdroraibons  are  o^  rcns'dc'abie  Impo  tante  in  screnre  ard  mdustrv,  Prcvrous.y, 
li’.e  known  Putle’ov's  i.  leo  ’o  ihu  g’oup  o'  ccrr.fcarids 'tndirg  ereniive  applrcat'on,  Bjle  ov  developed  mar.y 
add-’-on  .eactloris  of  o’e'iric  hyd  oca’boTs.  He  cone  lusrvely  esablLihed  the  struf  tu'e  o*  e’fivlenc  ir  tb-.  rCjeaicb 
ne  "(as  greariy  aided  by  bis  ..yn’hess  o'  e'hyle-.e  vbe’^  artcmpii’g  to  p’epa.e  a  tree  'ad'cal  (me’hylcae}  from  snethy- 
fene  ’od’dc 


Thcie  stud.ci  we'e  Lr.ked  vitl,  h  s  g.eaTes  d'sfower.er  vh'cr:  related  :o  ’he  sy’:*h‘:3.'.  o  po'.,me..t  o  maioe 
hyde  and  the  s,mhes;$  the  e'nom  of  monose:  b>  the  action  o'  Irme  kaicr.  To  Salie.o/  ac  ia..>  belong.,  the  c.ea.! 
of  »he  'irst  syruhesis  of  sugars.  Thi^  iesea’ch  served  'o:  c  lariflcarlo.i  o'  the  s’rwr’aal  ’o  mula  o'  moriO.es.  O'  ipe 
c\zl  s.gnificaTce  :s  the  ract  that  or  the  basis  o:  th’s  suga’  synthesis  rt  was  posi’blc  to  accoun!  fo:  tx.e  as*’in.la’_OE 
o:  caroon  dioxide  and  vatc'  Ji  the  green  parti  of  plants  w.'h  roima'ion  of  rarch.  Many  <?e.y  .mpo'ian' s  JHiant  es, 
..TR  prepared  by  But.crov,  are  now  manufactured  in  our  factories  and  rh.oughotJ  the  war'd  x  q'.:a'irT*ei  of  ir.anv 
thousands  of  ions  a-.d  are  valuable  prod-jcis  boih  in  ihemselve,  a.id  as  s’atting  maieral*  oi  mar.:  tfxmical  oe.  jva  • 
tivci  (rormaldehyde  umt-opme,  'sobi;ier.€.  drisobuiene,  etc.).  Hurle’o>  rcar’.or.s  ram  ba^-  o  -jdwStcia'  o- 
gaux  iy/ubeses. 


Eutlerov'i 
monoses  for  the 


st  udies  on  the  lyniheili  of  pclymeiic  'ormaldehyde,  the  iinpo',a.n^e 
undc’siandlng  of  the  formation  or  ca-ch  nature,  h’s  :io:able  in  r^.: 


c'  the  brule*0‘-  syuhesij  o' 
iga'io-c  OL  ..:ep»..se 
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polymerization  of  iiobicene,  which  was  the  precursor  of  modem  syntheses  of  polyvinyl  compounds  and  of  numerous 
synthetic  rubbers  (bit  no  longer  by  a  stepwise  mechanism  bui  by  chain,  radical  aixl  ionic  mechanisms) -all  this 
jiBtifies  us  in  considering  Butlerov  to  be  the  founder  of  the  science  of  high-molecular  compounds. 

The  chemistry  of  high-molecular  compounds,  developed  on  the  basis  of  Butlerov’s  theory  of  chemical  stmc* 
ture,  is  also  much  indebted  to  Butlerov's  other  investigations,  which  gave  great  impetus  to  the  brilliant  develop¬ 
ment  of  organic  synthesis. 

The  Butlerov  school  of  chemical  science,  which  includes  the  names  of  many  famous  Russian  chemists,  has 
left  a  permanent  on  the  development  of  chemistry  in  our  land. 

Chemists  of  the  USSR,  the  scientific  progeny  of  Butlerov,  true  followers  of  Butlerov,  surrounded  by  the  all- 
embracing  solicitude  of  the  Communist  Party  and  the  Soviet  Government,  tirelessly  work  for  the  glory  of  the  peoples 
of  the  USSR  by  increasing  the  scientific  wealth  created  by  Butlerov  a:*i  his  pupils. 
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THE  INTERACTION  OF  NITRATES  AND  NITRI  TES  OF  METALS 


OF  THE  FIRST  AND  SECOND  CROUPS  OF  THE  PERIODIC  SYSTEM  IN  MELTS 


VUL  INVESTIGATION  OF  THE  TERNARY  SYSTEM  NITRATES  OF  SILVER,  POTASSIUM  AND  CADMIUM 


P.  I.  Piottenko 


Earlier  investisatiom  [1,  2,  3]  had  /town  that  nitrates  of  metah  of  the  first  group  of  Mendeleev^  pedodic 
system  do  not  behave  Identically  when  i*  tcted  with  nitrates  of  cadmium  in  melts.  Thus,  the  nitrates  of  lithium 
and  sodium  do  not  enter  into  chemical  k  xtion  with  cadmium  nittatB  but  form  eucectlc  mixtures  with  them.  On 
the  other  hand,  the  citrates  of  potatolum  and  rubidium  manifest  a  ma:<ed  tendency  to  form  complexes  with  cad¬ 
mium  ruuate  and  form  the  chemical  compou.Tds;  Cd(NO,),  •  2K.^)0,  and  Cd(NO^s  *  2RbNO*. 

The  formation  of  the  above  complexes  is  readily  explained  on  the  basis  of  Ionic  polarizablliiy.  The  co- 
ef*'?cienrs  M  polarizabiUTy  of  cations  of  lithium  and  sodium  are  lebtively  small  (n.029  for  the  first  and  0.1S7  tor 
the  sccoikl),  whereas  those  of  caiionr  o!  potasi'um  aruJ  rubidium  are  many  times  larger  (0.8S8  and  I,4S  icspec- 
tively  [4]). 

Tlje  dipoles  formed  ui>der  the  action  of  their  own  electro -nagneuc  fields  it*  the  molecules  o*  potassium  and 
rubidium  nitrates  on  the  one  hand  arid  in  the  cadmium  nitrate  molecule  on  the  other  hand,  bring  abois  an  orienu- 
tion  coscspondiiig  to  their  pcles.  in  consemicace  of  which  the  above Hnentioned  cl<emlcal  cotnpouids  are  formed. 

On  reactlLg  cadmium  nitrate  with  silver  nUrate  we  can  expect,  in  view  of  the  polarizability  of  the  silver 
ion  asuxLated  with  dt  posilion  Iri  the  periodic  system,  that  chenucal  reaction  would  also  take  place  between  the 
componecu. 

in  this  pape'  wc  ptesen:  erpe-imental  ma’tita!  which  ennfirms  ‘hat  the  Imerartion  of  siNer  •Jrrate  with  cad¬ 
mium  nitrate  ;n  melts  combining  various  corv'enriations  of  components  does  actually  lead  to  a  cbemcal  compound 
*  2AgN03,  analogo's  Jn  composiiioc  to  the  compounds  of  potassium  artd  rubidium  nitrates  with  cadmium 
niizafe,  the  new  comoound  is  tottnd  to  be  stable  (as  will  be  shown  below)  even  tn  picseoce  o(  other  components. 

EXPERIMENTAL 

B  jtary  Systems  We  have  already  described  [SJ  the  component  side  of  the  triangle  of  the  system  potassiuia 
nitia'e  — cadm*u.Ti  nitrate.  The  binary  system  potassium  nitrate  —sliver  aiiuie  has  been  invcsiigared  by  Palldn  [5] 
and  by  Ussow  [6]  (big  1,  Q.  Out  own  study  of  this  system  confrmed  its  general  character.  Tl«e  compooetts  of  the 
system  react  with  one  anolhc'  and  form  lire  chemrcal  compound  AgNOj  •  KNO^  The  binary  system  cadmium  ni¬ 
trate  -$.lver  nitrate  is  here  inveaigated  fox  the  fust  time.  The  phase  diagram  of  this  system  has  three  crystalliza¬ 
tion  branches:  cadmium  nitrate,  the  compound  Cd(NO,)j  •  2AgNO,  and  silver  nitrate.  Conesponding  to  the  maxi¬ 
mum  on  the  melting  point  cirve  Is  a  melting  point  of  i56*.  The  system  was  Investigated  over  the  range  of  1<'0  to 
25^  silver  niitaie:  at  lower  contems  of  the  latter  the  cadmium  niuate  decomposes  (Fig.  1,  II). 

Ternary  System.  According  to  the  literature  sources  of  which  we  are  aware,  no  previous  study  has  been  made 
of  the  ternary  system  of  the  nitrates  of  cadmium,  pousslum  and  silver. 

The  liquid  i»  surface  of  the  ternary  system  was  Investigated  in  17  sections  whose  character  and  direction  ate 
shown  In  Fig.  2. 

The  mcltlr^  points  at  the  transitlop  poinu  of  the  phase  diagrams  of  all  the  sections  as  well  as  the  correspond¬ 
ing  qualitative  and  quantitative  co.'nposillons  of  the  components  are  set  forth  In  the  table. 


Meliing  Point*  »t  the  Tr*a»‘iion  Polcu  of  the  Ternary  Sy«em 
and  the  Compoiition  of  the  Coinf>oiieats 


No.  of 
section 

Eoulmolar  percentages  | 

Melting  point  at 
transition  point* 

Cd(NO,), 

KNO, 

AglX), 

.1 

• 

58 

36 

6  . 

153 

*{ 

• 

36.5 

59.5 

4 

166 

V. 

55 

31 

14 

141 

% 

33.5 

57.5 

9 

158 

V 

• 

rrP 

52.2 

25.5 

22.3  \ 

123 

i 

3 

31 

55.5 

13.5 

147 

fa 

50.2 

23 

26.8 

115 

ivjh 

29 

55 

16 

146 

a 

48 

20 

32 

128 

V 

b 

45 

25 

30 

125 

27.5 

54 

18.5 

146 

f 

1 

I 

46.5 

15 

38.6 

137 

Vli 

b 

39.5 

28.5 

32 

128 

1 

c 

25.6 

5315 

21 

1«1 

49 

5.5 

45.5 

139 

vuj 

!> 

41.5 

4.5 

54  1 

ISO 

..  ( 

a 

47.5 

8.5 

44 

138 

VUH. 

!  41 

1 

7.5 

5L6 

15C 

.^1 

48.5 

15 

36.5 

132 

iXi 

1  32.5 

13 

47.5 

149 

i 

1  55 

30 

IS 

140 

1  45.5 

24.5 

30 

125 

• 

j  29 

31 

40 

13S 

XI 

!  27,3 
• 

33.7 

39  • 

132 

f* 

■.  12 

1  40.5 

47.5  , 

124 

xn 

‘b  ' 

10.5 

!  48.5 

41 

126 

22.5 

J  37.5 

40 

i  129 

xin 

.  la 

i  SO 

32 

132 

xrv 

36 

;  19 

1 

35 

129 

i 

XV 

30.2 

i  5S.5 

14.3 

150 

[• 

i  7.8 

1  40,5 

61.7 

124 

aVj 

!  ’ 

47.5 

45.5 

129 

•  3 

46.7 

50.3 

131 

XV  c 

{b 

■  10.5 

!  43 

46.5 

i  126 

a*  —composition  and  melting  point  of  the  flnt  trantl- 
lion  points;  b*  and  :•  —ditto  of  the  second  axid  third 
transition  poliss  respectively. 


The  phase  diagrams  of  all  the  sections  with  Indica¬ 
tion  of  composltica  of  starting  mixtures,  the  course  of  the 
sections  and  the  melting  point  at  the  uansitlon  points  are 
shown  in  Fij^.  3,  4.  5,  6.  and  7. 


F>g.  1.  Binary  systems:  C  AgMOj— K.NO,, 
10  Cd{NO,),-AgNO,. 


Fig.  2.  Course  of  seer  ion*  me  'erna  v 
system. 


Fig.  3.  Ternary  sect -ons:  0  9(Fjo  Cd(!'iO|)j  •* 

♦  10^  AgMO,.  U)  807i  Cd(NO.)i  ♦  207c  AgNOj, 
HI)  7C^  Cd(NOj),  +  307o  Agf'Oj  in  the  direc¬ 
tion  to  KNOy. 


The  experimental  data  for  the  ternary  system  as  a  whole  ate  generalized  in  the  piojeir'.on  oi  the  isoiherms 
of  the  three -dimensional  phase  diagiara  (Fig.  8). 


Fig.  4.  Ternary  sectioiu:  IV)  Cd(NO,),  ♦  35^  AgNO,:  Fig.  5.  Ternary  »ectfon«;  VII)  9(fl»  Cd(NO,),4 
V)  60^Cd(NO,),  +  40^  AgNO,:  VD  5S^Cd(lto,),+  ♦  10^  KNO,;  VIU)  85^  Cd(NO,),  ♦  13^  KNO» 

♦  45^  AgNO,  in  the  direction  to  KNO,.  ’  IX)  13%  Cd(NO,),  ♦  23%  KNO,  in  the  direction  to  • 

AgNO,. 


♦  35^1kNO,.  XI)  455tCd(NO,),  ♦55^KNO,  in  XV)  39^  Cd(NO,),  ■»  65^  KNO, Ag^D,;  XVD 

the  direction  to  AgNO,.  XII)  6CI^  AgNO, -*■  20^k  87.t4>  AgNO,  +  12.S^  Cd(NO,),-*- KNO,;  XTII) 

Cd{NO,),.  xm)  65^  AgNO,  ♦  33%  Cd(NO,),  in  52^  AgNO,  ♦  48^  KNO,-^  Cd(NO,), 


the  direction  to  KNO» 


Fig.  8.  •raWiy  lystem;  Cd(NO,),-(KNO,). -  Fig.  9.  Projection  on  to  the  KNO, -AgNO,  tide. 

-(AgNO,)^ 
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The  ternary  tyitem  of  the  nitrates  of  cadmium,  poussium  and  silver  Is  a  complex  system.  Its  dlstlagulshlog 
feaiure  Is  that  pairs  of  Us  components:  Cd(NO,),-KNO,.  Cd(NO,)|-AgNO»  and  KNO,-AgNO,  react  cbemlcaUy 
and  form  the  above-noted  chemical  compounds:  Cd(NO))t*  2KNO}.  Cd(NO,)f  •  gAgNO^aod  KNO^  *  AgNO|, 

As  was  to  be  expected,  separate  flekls  of  cryttalllzatlon  corresponding  to  each  chemical  compound  appear  on 
the  Uquidus  surface  of  the  ternary  system  (Fig.  8).  In  aU  there  are  six  fields  of  crystallization  In  the  ayaem:  cad* 
mium  niuate,  conaiiuilng  2^36^  of  the  whole  area  of  the  nUni^e; potass* urn  nitrate -22.24^:  silver  nitrate- 
-28.CTlt:  the  chemical  compound  Cd(NO,),  •  2KNO,“20.2g'^;  the  chemical  compouna  Cd(N04)|  •  2AgNO|-4.6lbi 
and  the  incongruent  chemical  compound  KNOg  *  AgNOg— 1.0V. 

The  pretence  on  the  Uquidus  surface  of  the  fields  of  ctysulllzatlon  of  the  above-mentioned  chemical  com* 
pounds  also  confirms  their  formation  inside  the  ternary  system  in  prese.~ce  of  other  componen;4.  The  quite  con* 
sldetable  area  of  crystallization  of  the  chemical  compound  Cd(MOg)g  •  2KNOg,  nearly  equal  to  the  areas  of  crystal* 
lization  of  the  pure  components  —demonstrates  its  stability. 

The  ternary  system  has  two  eutectic  points.  The  first,  £^.  has  the  composuion:  23V  poussiiun  nluaie,  50.2V 
cadmium  n-aaie,  26.8V  silver  nitrate;  lu  melting  point  is  115*.  The  socorid.  Eg,  has  the  composiiion:  lO.flV  cad¬ 
mium  niuate,  48V  silver  niuate  and  41.5V  potassium  nitrate,  lu  melting  point  is  121*.  There  are  also  two  petl- 
tectic  poirus:  Pg  with  the  composition  28. SV  potassium  uuate,  39. 5V  cadmium  niuate  and  32V  silver  nitrate  (melt* 
irw  point  128^:  Pg  with  lOV  cadmium  niuate,  42V  silver  nhrate  and  48V  potassium  nitrate  (melting  point  127*). 

The  orthogonal  projection  of  the  courses  of  crystallization  onto  the  potassium  nitrate  —silver  nitrate  ride  is 
shown  In  Fig.  9. 

SUMMARY 

1.  A  Study  was  made  of  the  ternary  system  of  ti>e  nittates  of  cadmium,  pctas«ium  and  silver  by  the  vlsual- 
po’yrhermlc  method  of  physicce hemic al  analysis:  iic  system  was  found  m  be  a  complcs  one  with  rout  ternary 
poinu  and  six  fields  of  cryitaUizatlon. 

2.  A  definite  chemical  reaction  1:  shown  to  taw  place  between  tbc  nitrates  of  cadmium  and  silver  in  niehs 
and  the  formation  was  enabllshed  of  the  chemical  compound  Cd(fjOg)g  •  2AgNOg,  mcHmg  at  155*. 

3.  It  was  i.'vown  that  chemical  interaction  between  the  nitrates  of  cadmium  and  the  nitrate  of  potassium  and 
silver  in  melts  take:  place  not  only  when  in  pa<.»8  but  also  within  the  ternary  syste.m;  this  is  conllrmed  by  the  exist¬ 
ence  of  the  respective  fields  of  crySalUzatfon. 
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THE  PREPARATION  OF  SILICOMOLT IDIC  ACID 


FROM  MOLYBDENUM  TRIOXIDE  AND  SILICIC  ACID 
E.  A.  Nikitina,  G.  N.  Pyatnittkaya  and  I.  I.  Angelov 


The  preparation  of  slUcomolybd^c  acid  w3b  purification  of  the  ptcparatloc  via  ihe  ciherate  was  ivoposed  In 
a  paper  by  one  of  us  [-11  AlihouBh  It  was  possible  by  d?e  proposed  method  to  obtain  a  pure  beteropoly  acid,  work¬ 
ing  with  such  a  volatile  solvent  as  ether  creates  definite  complications.  We  therefore  set  ourselves  the  task  of  de> 
veloplng  a  method  of  preparation  of  silicomolybdic  acid  which  would  not  involve  extraction  with  ether. 

The  method  involved  estemLally  a  reaction  between  molybdenum  trioxide  and  slUcic  acid  In  presence  of 
water  as  first  suggested  by  E.  A.  NUclllna  [1]: 

12MoO,  ♦  KjSiO,  ♦  nHp  ^  H^UMop,)^. 

Since  the  possibility  of  synthesis  of  the  heieropoly  acid  from  H^iOj  and  MoO^had  already  been  established, 
ois  problem  was  »o  make  a  close  sioJy  of  the  condiiiofUa  which  the  above -tndlcated  iroccsi  of  complex  forma¬ 
tion  could  be  realized. 

The  molybdenum  ttioxide  needed  for  the  pisparatlon  of  rllicomolybdic  acid  was  obtained  lit  the  conditions 
described  in  one  of  our  previous  papers  [21 

In  a  first  series  of  experlmenis  we  conducted  the  reaction  wuh  stoichiometric  quantiiies  of  MoO)  and  H^iO^ 
heating  of  the  reaction  mixture  u>  90-95*  was  continued  foi  16  hours:  the  volume  of  water  was  kej*  constant  by 
periodic  addition  of  fresh  water:  .,11  the  experunenu  were  performed  with  constant  stirriitg  (Table  1) 


TA  BLE  1 

Preparation  of  Silicomolybdic  Acid  with  Calculated  Arr.ounu  of  Molybdenum  Trioxide  and  Silicic  Acid  with  a  1:6 
Rai'o  Between  MoO|  and  SiO| 


No.  of 

Experi¬ 

ment 

Taken  fa 

iy-nlhesrs  (in  g) 

, 

j  Duration 

1  of  heat- 
i  mg  (hrs) 

1 

Sp.  gr.  of  the 
obtained  so¬ 
lution  of 
heteropoly 
acid  at  15* 

Amt.  of  Silico-' 
molybdic  acid 
obtained 

Yield  of 
MoO, 

_ _ 

MoO, 

1 

HjS;0,  calcu- 

1  HP 
,  (in’ 

j  la  led  as  SiO, 

! 

1 

1  liiets)  j 

t 

[hydrated 
(in  g) 

anhy-  j 
dioui  (in 

5) 

cn  the 
MoO, 
taken 

on  the 

reacted 

MoO, 

1 

500 

1 - 

18 

3  ! 

14 

1.06 

144 

108 

20.4 

63 

2 

260  I 

9 

1.5  j 

14 

1.06 

68 

44 

16.6 

73 

3 

250  I 

9 

1.5  ! 

18 

1.06 

66 

50 

19.6 

83 

It  IS  seen  from  Tabic  1  that  the  average  yieW  of  silicomolybdic  acid,  calculated  on  the  reacted  molybdenum 
troxide,  is  7J5t  of  the  calculated  yield:  bur  the  yield  calculated  on  the  molybdenum  trioxide  taken  in  the  reaction 
IS  low  and  has  a  mean  value  of  18.8^  for  a  single  bolL 

In  the  following  series  of  experimenii  it  was  required  to  observe  the  effect  of  Increasing  corKenttarion  of 
silicic  acid  on  the  degree  of  utilization  of  the  molybdenum  trioxide  during  the  process  of  formation  of  the  heiero- 
poly  acid;  the  amount  of  water  was  the  same  as  In  the  first  series  of  experlmetvs.  Resulu  are  set  forth  in  Table  2. 

The  experimental  resuus  show  that  an  iisctcase  in  the  silicic  acid  concentration  raises  the  amount  of  molybd¬ 
enum  trioxide  utilized  in  the  reaction  of  complex  formation,  due  to  which  the  yield  of  heteropoly  acid  is  also 
appreciably  Increased. 
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Synikietis  of  Sllic(»nolybdic  Acid  IMog  Incre&sed  Concenti&tloa  of  Silicic  Acid  (Duration  of  Heating  15  Hoon) 


No.  of 
Experi¬ 
ment 

Taken  for 

HP 

aUeis) 

Amoun*  of  silicic 
acid  obtained  (In  g) 

■EMBB 

MoOg  (in 

8) 

H^Oscalcc' 
lated  as  SlO| 
wUh  excess  (In 
i»)of 

hydrated 

(Ug) 

Anhydrous 

(iKft) 

■ 

m 

1 

350 

50 

3 

1  :  8.5 

80 

50 

17 

73 

2 

100 

100 

0.8 

1  :  8 

22 

— 

20 

— 

3 

500 

500 

4 

1  :  8 

260 

200 

37,7 

100 

4 

200 

500 

2 

1  :  10 

90 

70 

33 

87 

A  stuly  vas  also  made  of  the  effect  of  change  of  dilution  on  ihe  reaction  of  fbnnatloa  of  the  betetopoly  acid. 

In  a  first  experiment  the  proportions  of  molybdenum  trloxide  and  alllcic  acid  were  In  accortlance  with  the 
equation:  the  volume  of  water  was  reduced  to  150  ml.  The  yield  of  siUcomolybdlc  acid  was  10^  on  the  uslyb* 
denum  Dioxide  taken  for  the  reaction:  the  ratio  be’^ween  MoO^  taiec.  and  Hfi  wa*  1: 1.4.  .  In  the  *or ond  experl> 
nrnt,  keeping  the  amounts  of  starting  substances  the  same,  the  water  was  Increased  to  give  a  MoO^/  H|0  ratio  of 
3:55r  this  lals'ed  the  yield  of  siilcomolybdic  acid,  reckoned  on  the  kloOg  taken,  to  16^.  Furthe:  experiments 
were  therefore  performed  wiii  increased j^'olumes  of  ware;:  at  the  same  tlroe  the  amount  of  siUclc  acid  was  In¬ 
creased  in  accordance  with  the  resulu  second  series  of  experlmena. 

Th:s  change  in  the  experimental  conditions  Increased  the  urillzatlon  of  the  molybdenum  trioxide  taken  in 
the  reaction  to  SO^SCf^.  Results  are  set  forth  xn  Table  3. 


Table  8 

Preparation  of  Slllco:nolybdlc  Acid  in  Deperxience  on  the  Degree  of  DUtSinn  and  the  Conceouatlon  of  SUiric  .*.cld 


No.  of 
Experi¬ 
ment  ! 

'or  synthesis 

! - - 

HP 
(in  i)  , 

- 

raiso  j 

j  Dira-  1  ArttcaP'  of 

tion  ofj  silicic  acid 

he  at  ITS  I  obtained  (g) 

Ticld  on 

MoO, 

1  hioC-,  (  Ji 

t) 

j  H|SrC^ca)cb* 
latd  at  SiO| 
(in  g) 

Excess 

SiC, 

1  (h-s.)  Hydra  * 

1  ted 

! 

j  anbyd-  j 
1  tous  1 

i 

1  On  MoO, 

1  taken 

1 

On  iv*- 

ected 

MoOx 

.  I 

1  1 

95 

13 

400  * 

}.6 

1:18 

19  1  70 

1 - 

1  52 

29.9 

8 

2  1 

100 

20 

550 

2.7 

1:27 

16  110 

65 

80 

100 

3  1 

200 

40 

550 

3.5 

1:17 

16  I  137 

108 

50 

fi: 

Having  established  the  effect  of  dilution  and  of  increased  silicic  acid  ccncenixation  on  the  process  of 
complex  formation,  we  duected  our  anealion  to  the  effect  of  the  duration  of  beating  of  the  reaction 
mixture  on  the  yield  of  hetercpoly  acid. 

For  this  purpose  we  performed  experlmems  with  leu  lengthy  (up  to  8  hours)  heating  of  the  reaction 
mixture.  These  were  performed  side  by  side  with  contscl  experlmcnu  In  which  the  duration  of  boiling 
was  16  hovt. 

Results  of  these  run*  are  set  forth  In  Table  4. 


TA  BL£  4 

Effect  of  Duration  of  Boi’lng  on  the  Yield  of  Slliccmolybdic  Acid:  500^  Excess  of  K,S10,  Reckoned  as  SlO, 


No,  of 
Experl- 

mettt 

t 

MoOf. 

HP  j 

Yield  on  MoO,  {^) 

Experiment  j 

Duration  of 
boiling 
(ho  ICS) 

KioO} 

taken 

Reacted 

MoOj 

1 

1:18 

40 

75  1 

Actual 

* 

8 

1:18 

49.9 

84  j 

CoiXrol 

16 

3 

1:27 

42 

65 

Actual 

8 

4 

1:27 

80 

100 

Control 

18 
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These  expcrJiticnti  show  thit  piolongstlos  of  heitlcg  increuet  the  psnlcipstioQ  of  n)olfbdesiU& 
txioxlde  iB  the  leaction  of  complex  fotmatlon  and  thereby  raises  the  yleki  of  tUlcotnolybdJc  acH, 

The  foregcliig  data  show  thxt  complete  convenioa  of  molybdenum  trioxlde  to  sUicomolybdle  acid 
is  never  attained  In  the  reaction  between  MoO^  and  S10|.  In  different  batches  varyii^  amounts  of  MoQs 
remain  umeacted;  In  our  experiments  the  amount  of  reacted  MoO|  ranged  from  12  lo  80lb« 

An  increased  percentage  of  MoO|Only  eaters  into  reaction  when  using  a  large  excev  (650lb)  SiOg 
and  highly  diluted  solution  (1:28). 

High  dilutions,  however,  gteatly  prolong  the  period  of  evaporation  ei  the  aolutioiw  of  hetezopoly 
acids.  We  therefore  compromised  with  a  mean  dilution  of  1: 15  to  1: 17  and  the  use  of  a  500^  etce* 
of  SiOgOver  the  arocum  calculated  from  the  equatiou. 

The  residue  of  unreaaed  MoOg  and  HgSiOg  is  used  again  by  heating  with  a  fresh  portion  of  water: 

In  so  doing  a  favorable  influence  of  exces  HpiO^  dilution  ol  solutlou  and  duration  of  reaction  on 
the  degree  of  utilization  of  MoOg  Is  again  noted.  The  tesultt  of  the  Investigation  are  set  forth  in  Table  8. 


TABLE  8 

Results  of  Reheating  with  Water  o'  Residual  MoO,  and  HgSfOgfiom  a  First  Synthesis 


No.  of 
Experi¬ 
ment 

Dry  slurry 
taken 

bs  con¬ 
tent  of 
MoO, 

(^) 

H|0 

taken 

(liters) 

HjSiO, 
added  (cal¬ 
culated  as 
SIO-  (gl 

Amount  of  hy¬ 
drated  lillco- 
molybdic  acid 
obtained  (g) 

Residue  of 
dry  slicry 
(8) 

1 

350 

89 

0.5 

35 

320 

2 

200 

96.5 

1.5 

30 

58 

127 

3 

267 

89 

2.5 

20  1 

110 

280 

We  see  'mm  Table  5  that  rhe  r<onreacted  residues  o'  KioC^  and  KgSiCg  may  be  utilized  as  starting 
maretuls  by  adding  a  fresh  ainocnt  of  i.i)cic  acid  smee  the  diied  loses  m  reacilviry. 

Oysiallizatlon  of  silicomolyfadlr  acid.  The  picpaiations  of  diluted  solixions  of  silicoroolybdlc  acid 
bp.  g:J..o2-1.0S)  are  evapeialed  on  a  water  bath  at  70*.  Due  to  the  high  solubllUy  of  siUcoiTtolybdic 
acid  in  water,  the  evapetation  U  contiraied  until  the  volume  u  1/  5  to  1/  6  of  the  otigmaL. 

SUicomoIyhdlc  acid  separates  from  solution  in  the  foira  of  t  greenish-yellow  crystalline  mast. 

Tne  great  evaporation  of  the  solutions  leads  to  the  crystallization  of  a  dense  mass  which  Is  detached 
with  dlfiicuiiy  trom  the  walls  o'  the  cryoallizer  and  Is  quite  free  from  mother  liquor.  In  the  proceu 
o'  evaporation  (open  beaker)  a  slight  reduction  of  the  heieropoly  aulon  u  observed;  this  Is  counteracted 
by  the  addition  of  a  few  drops  of  hydrogen  peroxide.  Evaporation  may  also  be  conducted  under 
reduced  pressure;  this  speeds  up  t’ne  removal  of  water  and  minimizes  the  reduction  of  the  of  the 
heteropoly  anion. 


TA  BLE  6 

Analyses  of  Sllicomolybdic  Acid  and  Quality  cf  Raw  Materials 


No  of 
Prepara¬ 
tion 

Chemical  compounds 

!  MoO.  without  wash - 

• 

ir.g  free  from  alkali; 
H|SlO|  contains 
.Nap 

!  MoOg  without  al¬ 
kali  salu:  HgSiO, 
contains  0.9^ 
Nap 

MoOgfree 
(tom  alk» 
lies:  HgSlOg 
corttains  O.&fo 
Nap.  Dis¬ 
tilled  water 
0>) 

Conteot  of 
anhydrous 
acid  calcu¬ 
lated  ac¬ 
cording  to 
the  formula 

Tap  water  0)) 

1 

MoO, 

93,47 

95.8 

95.6  . 

92.9 

2 

SiO, 

3.13 

3.5 

3.^'  ■- 

3 

3 

Nap 

3.4 

0.7 

0.35 

4 

MoO|  *  SiOg 

29.3 

27.3 

24.9 

Balance  of  starting  materials.  In  order  to  check  the  composition  of  the  slurry,  we  canied  out  as  analysis 
by  distilling  off  the  MoOg  in  the  form  of  MoOj-  2HC1  hydrochlorlwitionrf  a  weighed  amount  was  effected  at 
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a  lempetature  of  about  500* .  In  all  the  analyto  ike  amount  of  componcnu  (SlO|  and  MoOi)  clojely  ac^eed 
with  the  calculated  amount  of  reacted  starting  Mibsancet. 

Weight  of  tlurty  diled  at  110*:  325  g.  Analysis:  SlO^  11^,  MoOg80^. 

Raw  Materials.  In  our  experiments  ve  made  use  of  ammonium  molybdate  •pure*  ai^  •pore  for  aiulyiU*. 
The  MoO|  prepared  from  •pure*  ammonium  molybdate  contained  from  1  to  1.7%  alkali  salts  ^twkonod  as 
Nap).  The  MoOj  was  freed  from  caces  of  alkali  metals  by  washing  wak  hot  distilled  waror  (80-$0^  until  a 
colloidal  soluuon  Stan cd  to  form.  Washli^  •  H|S10^  whuh  has  been  pTcipfiaied  wnh  nUiff  or  hydrochloric 
acid,  until  it  gives  a  rtegative  reaction  foi  Cl  or  NO^'  la  a  lengthy  opctailon.  Tl>e  lowStt  coPAeat  ieund 
after  waihmg  of  freshly  precipitated  H^lO^  was  0.9%  (calculated  on  the  SlOj).  Employment  sue  a  a  j'Jiclc 
acid  leads  to  a  final  product  containing  alkali  sabs. 

Precipitation  of  H^lO|  with  carbon  dioxide  gfves  a  silicic  acid  which  is  readily  washed  and  which  exhibits 
good  reactivity.  The  content  of  non-volatile  residue  of  alkali  salts  In  the  so-p.'epared  H^’Oj  is  0.025-^.09%. 
Silicomolybdlc  acid  prepared  by  ctyitalUxatioa  fiom  arpieow  solutions  was  examined  by  us  fo:  Its  contem.  of 
MoOj  SiO|  and  alkali  ults  (reckoned  as  Ntfi):  loss  of  water  was  also  determined  a?  100*^ and  oacakinatlos! 
the  analytical  results  for  samples  of  the  hetetopoly  ac  id  ate  set  forth  in  Table  6. 

The  obtained  preparations  consist  of  sativated  silicomolybdlc  acid. 

The  above  data  show  that  the  quality  of  the  obtained  siHcomoIybdtc  ac:d  depends  oa  the  purity  of  the 
starting  materials. 

The  water  coracs:  of  the  prepared  samples  of  silicomolybdlc  acid  was  determined. 

Losses  of  water  at  lOO'amourred  to  2C.C,  20  3  16.8,  and  I'flb.  The  cotretpo.oding  losses  of  water  on 
calcinaiiOD  were  4.0,  2,2.  6.4,  and  5.0%. 

SUMMARY 

1.  ’’o?  the  fi'it  time  a  method  o'  preparatjan  of  silicomolybdlc  acid  not  waag  ether  has  been  developed. 

2.  Condarcos  necessary  for  ontaimsg  tire  :ie*e*opoIy  ac:d  arc;  400-5i:0%  excess  of  silica,  a  icaciion  period  of 
16  hoii'i  and  a  volume  of  water  equal  to  6  Uiers  pet  500  g  XloO^ 

3.  The  yreid  of  siLcomoIybdic  acid  in  tfiese  conduiotu  is  60-00%  reckoned  oa  the  Mo03  entering  into 
teacuon 

4  53%  of  the  molybdenum  trlorade  taken  enters  Into  reaction.  Tlie  unreactec  MoOj  Is  reused  at  starting 
m£teri.ai  after  determination  of  its  KioC,  coreent. 

•5,  Thre  starting  materials  for  this  method  must  be  of  a  high  degree  of  purity  since  u  is  impossible  In 
practice  to  ^ree  the  nete  opoly  acid  from  water-soluble  fmpuritres  by  crystallization. 
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POLAROGRAPHIC  INVESTIGATION  OF  THE  HYDROGENATION  PROCESS.  X. 

A.  L.  Matkmaa 

An  cxsminstlon  of  the  tnethodi  used  by  vsrlous  euthon  foi  studying  the  b^ixvlct  of  unset uieted  coinpounds 
in  the  course  of  caialyUc  hydrogenation  shows  that  we  can  subdivide  them  hsio  two  groups.  To  the  first  gtoop 
belong  methods  based  on  the  establishment  of  the  velocities  of  hydrogcnatloo  of  Individual  onsaturated  com¬ 
pounds  and  on  the  comparison  of  these  velocities  for  a  series  of  chemlcaliy  lelated  compounds. 

In  the  majority  of  cases  the  velocity  of  saturation  of  unsaturated  compotads  is  measured  by  die  volume 
of  hydrogen  which  combines  in  unit  time,  or  by  the  time  ''equired  for  satuiaiKn  of  a  specified  quantity  of 
substance  expressed  as  moles,  or  by  the  time  required  tor  addition  of  a  specified  volume  of  hydrogen  to  a 
given  quantity  of  the  compound,  or,  finally,  the  velocity  of  saturation  is  measured  from  the  rate  of  change 
o*  some  physical  constant  of  the  substancq  such  as  the  refractive  index,  the  rocatoiy  power,  etc.. 

A  number  of  aishors  [1*10]  liave  employed  the  technique  of  comparing  tbe  velocities  of  saturation  of 
pile  compounds  to  draw  conclusions  about  the  effect  of  the  structure  of  the  icclecules  on  the  activity  of  the 
multiple  bond  in  the  process  of  catalytic  hydrogenation.  Other  authors  [11,  12i  by  hydrogenating  mixtures 
of  pure  unsatuiated  compounds  with  one  arid  the  same  standaid  substance,  ha>e  compared  the  so-obtained  par¬ 
tition  coeificienis  of  hydrogen  and  have  established  the  effect  of  structural  perruliaritie*  of  molecules  on  the 
reaclivny  of  the  double  bond. 

H  has  oeea  fbuad,  however,  that  compa'lson  of  the  rates  of  satiiratioc  of  pure  comiXiunds,  or  deicrnuxu- 
tior.  o<  the  coetlicients  of  disuibuMon  of  hydrogen  between  pure  louatuiaied  coirspouadi  and  tlie  standard 
subsictKe,  do  nor  permit  us  to  draw  conclusions  about  the  behavici  of  these  unsai orated  compounds  in  mix¬ 
tures. 

The  second  group  methods  of  study  of  the  behavior  of  unsaturated  compounds  during  the  hydrogena¬ 
tion  process  liKludes  the  methods  of  joint  hydregenauon  of  two  competing  succances,  of  hydrogenation  of 
bma-y  mixtures  with  the  aim  of  direct  estabUshmem  of  the  order  of  hydrogecation  of  the  corr.poneuu  of  ihe 
mioure.  We  must  bear  the  following  facts  in  mind:  1)  In  ihc  vast  majority  of  cases  the  experiments  were 
ru;i  with  small  ainounts  of  m»aierial  (1/200  to  1/  100  mole);  2)  if  the  stari’ju  mixture  contains  two  compo- 
nex's  then  the  saiuialion  process  will  lead  to  at  leau  two  hydrogenation  prodjcts  so  that  the  b'nary  mixture 
IS  changed  Into  a  quaternary  mixture;  3)  the  quaniiiative  separation  of  com.pcuadi,  especially  when  they  are 
similar  in  ^uricuonal  character,  is  extraordinarily  difficult  and  in  the  m.ajoray  of  cases  impossible.  In  order 
to  be  able  to  follow  the  whole  course  of  the  process,  it  would  be  deriiable  to  withdraw  small  samples  of  re* 
action  mlvture  at  defiatte  intervals  of  time  and  to  analyze  them.  But  if,  say.  oacHcnth  of  the  mixture  u 
to  be  w'llidiawn  each  time,  this  would  correspond  to  1/2000  to  1/  1000  mcie.  It  would  be  a  very  difficult 
problem  to  separate  such  an  amount  into  the  four  componenu  for  the  purpose  of  establishing  the  comem  of 
each  in  the  mixta'e.  Very  rarely,  therefore,  is  lf»e  aticrripi  made  to  effect  direct  analysis  of  a  mixture  at 
dlf‘e'eni  stages  of  hydrogenation,  and  even  as  a  rule  for  the  purpose  of  evaiiatmg  the  course  of  the  process 
of  saturation  binary  rmxtures,  recourse  is  had  to  indirect  methods.  The  mesr  impoxiam  of  the  Indirect 
meihods  Is  that  developed  by  S.  V.  Lebedev  [13J  which  is  ba^d  on  the  sludy  of  hydrogenation  curves. 

Such  a  method,  however,  does  not  permit  the  study  of  intermediate  processes,  l.e.  wUh  a  not  strictly 
rrniniained  selcciivhy,  in  the  course  of  the  process  one  component  of  the  iriixrjre  is  preferemially  saturated: 
at  the  same  time  the  other  component  undergoes  saturation  although  at  a  much  lower  velocity.  The  degree 
o*  selectivuy  of  the  ptcKcss  .may  vary  widely  and  the  hydrogenation  curves  do  not  permit  us  to  determine  the 
degree  of  selectivity. 

Other  w/j.-iteis  apan  frem  S.  V.  Lebedev  who  studied  the  course  of  hydrogesition  of  birury  mixtures  of 
diolefjuc  and  arctylemc  compounds  on  the  basis  of  ilie  character  of  the  hydrogenation  curves  were  Dupont 
[14],  Aimstropg  and  Hilditch  [15]  and  Yu  S.  Zalkliki  [16J. 

The  marked  inadequacy  of  the  Information  supplied  by  the  hyd.-ogenatioc  carves  prompeed  the  first  in¬ 
vestigators  problems  of  selectivity  of  hydrogenation  to  resort  to  analysii  of  fie  mixtures,  using  the  metiiod 
of  interrupted  hydrogenation.  This  method  consists  essentially  in  imcir'ipting  i*-:  hydrogenation  of  an  equimolecu- 
lar  mixture  of  two  unsaturated  compounds  when  50  7o  of  the  thco:eticr’  criiouct  of  hydrog**!*  has  been  absorbed  and 
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and  then  analyzing  the  mixture  at  a  whole;  on  the  basis  of  the  results  of  this  analysis,  conclusions  are  drawn 
about  the  presence  or  absence  of  selectivity  and  about  the  degree  of  selectivity  of  the  piucess. 

Of  the  numetoiB  authors  who  utilized  the  method  of  intetrupted  hydrogcruilon.  we  iiuy  roeniion  Yavoa 
[17 1.  Bourguel  [18],  Yu.  S.  Zalkind  [16,  19],  B.  A.  Kazansky  [20]  and  M.  L  Ushakov 

Different  authois  used  different  methods  of  analysis  of  the  reaction  mixture  (213-  In  all  cases  the  pro¬ 
cedure  is  quite  complicated;  the  main  defect  of  the  method  la  that  it  chatacteriaet  the  «ate  of  the  p.-ocess 
not  ihioughout  its  eitire  coiuse.but  only  at  one  determined  motnem. 

It  Is  therefore  natural  to  search  for  a  method  which  would  permit  the  cour»e  of  the  ptocesi  »  be  foJowed 
ar  any  rate  at  a  few  points.  The  obvious  plan  U  to  effect  diiect  or  indirect  analysis  of  samples  wlthdtawB 
from  the  reaction  mixtute  at  intervals  throughoiz  the  process. 

Many  attempts  to  develop  a  procedure  alortg  these  lines  have  been  made.  We  may  refer  to  the  woik  of 
Vavon  [22]  who  followed  the  course  of  hydrogenation  of  limonene  and  carvoise  by  withdrawing  samples  foam 
the  reaction  mixtute  at  intervals  and  measurii^  the  angle  of  rotaUon  of  the  plane  ot  polarization  of  light. 

In  the  study  of  the  process  of  hydrogenation  of  fats  with  the  objective  of  estabiidhiLg  its  seleciivfoy, 
Kaufmann  [?3]  and  later  Zinovyev  [24]  successfully  applied  the  method  of  determination  of  the  iodine  and 
thiocyanogen  numben. 

V.  V.  Ipatyev  [25]  hydrogenated  a  mixture  of  ally!  alcohol  and  oleic  acid  and  wiihdww  samples  over 
definite  intervals  of  time;  he  Uetermined  the  amount  of  stescic  acid  formed  by  prsclpitatloc  with  magnesium 
acetate  and  the  total  amount  of  oesaturated  compounds  remaining  i*  solarion  from  the  amount  of  iodine 
chioide  absezLed  by  them.  A  sUghrly  modified  procedure  was  employed  by  I.  5.  Bogdanov  and  E.  i  Sash- 
kiiova  [26X 

PerfoTmmee  of  an  experimenr  in  the  apparatus  u^ed  in  the  above<ited  iavestigatiom  [24,  26]  necesita- 
led  relatively  large  amounis  o'  insai mated  compounds,  in  addition  to  which  ihc  pcocedice  for  analysis  of  the 
mixtures  was  rather  complicated.  Wc  theicfbre  reached  the  following  corse luslons: 

1.  St.2iy  of  the  course  of  the  hydrogenation  of  binary  mixtxti  Itora  the  iatiiiatipn  ex  ves  (S.  V.  lebtdev) 
only  gives  an  approximate  conception  of  the  cbarai.te:  of  the  proceK. 

2.  The  method  of  irseiriqxed  hydrogenation  does  not  give  an  idea  of  the  state  of  the  iKoc-e&i  ihroughoo: 
its  eitire  course,  so  that  its  value  is  seriously  limited. 

3.  The  method  of  withdrawal  of  a  series  of  samples  in  the  course  of  the  process  is  the  most  Interesting 
and  informative  In  the  sense  that  U  permits  study  of  the  kineilct  of  the  proceis.  Up  to  now,  however,  the 
proposed  me.hodA  of  anaiyiis  of  mixtures  have  been  labonous,  only  a^licabie  to  a  limited  nimit>«:  of  matetjLa, 
end  frequently  required  large  amounts  of  subsiance. 

!n  seekfog  fc:  an  analytical  method  of  adequate  seruitivity  and  accuracy,  speedy  and  easy  in  use,  en¬ 
abling  operation  with  very  small  quantities  of  subsunce,  and  applicable  to  a  faiily  wide  tarige  of  chemlr.al 
compounds,  we  decided  on  the  polarographlc  method. 

In  the  conditions  of  the  investigation  we  were  faced  wlA  the  following  problem:  Kirowlrqj  that  two 
given  uruaturaicd  compounds  ate  pmsenr  in  the  mlxtore  to  be  byda»gcnated,  arvi  knowing  also  the  amount 
of  hydrogen  conrumed  up  to  the  Insum  o'  withdrawal  of  the  sample  from  the  vcifcl,  it  u  desired  to  determine 
poxiogtapnically  how  much  of  each  iinsaiuraied  compound  Is  left  in  solicion,  assuming  that  the  respective 
saturated  corapo  jids  do  not  give  polarograms  and  that  thcli  prereive  does  iw:  affect  the  polarographlc  behavasr 
of  the  unsat  uraied  compounds. 

This  f>robiem  can  be  solved  in  two  ways,  depending  upon  whether  both  ox  only  one  of  the  unsatuiated 
components  of  the  mixture  give  ptolarogiams. 

the  e*eni  that  both  components  o' the  mixture  give  defin’te  and  separate  polarographlc  wavti,  the 
problem  ;$  solved  bv  pfoamg  polarograms  at  different  nages  of  hydrogenation,  bv  measoreim  a.  o'  the  helghr 
0.  each  wave  and,  Irjofar  as  the  proportionality  coefficient  between  the  diffusion  current  and  the  corscentra^ 
tion  Is  known,  by  calculation  of  the  concc.H’-ation  of  each  compontm  In  the  aoluiloD.  In  the  course  of  tliC 
hydfogenailon  reatilon,  cither  the  heights  of  the  waves  of  both  components  wllj  gradually  decrease  but  the 
change  will  difftt  for  each  component  in  dependence  on  the  degree  of  selectivity  of  the  prtx  ch  o;  botl'  waves 
will  decrease  to  identical  exiems  at  the  ume  tfone  (nrn-sclective  pcoceas)  oi  the  heights  wil.  deceeave  iljuvl- 
tancously ,  but  at  diffciem  rates  (one  more  quickly  than  the  oihc.-not  strictly  selecr.ive  proerdr),  ot  at  first 
only  the  ncigli  of  one  of  the  wives  will  decline  and  its  disappearance  will  be  followed  by  start  of  decline 
O'  the  other  wave  (suialy  selective  ptnceu). 
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In  Figure  1  are  tho%fn  curvet  obtained  by  polangraphic  determination  of  a  terles  of  tpeclment  witMtawn 
during  the  hydrogenation  of  a  mixture  of  maleic  and  fumaric  acids;  on  these  curvet  the  wave  at  a  mote 
positive  value  of  rhe  potential  relates  to  maleic  acid;  that  at  a  more  negative  value  to  fumaric  acid.  The 
half-wave  potential  of  maleic  acid  differs  from  that  of  fumaric  acid  by  0.2  V,  which  allowt  of  clear  demat- 
catlon  of  one  wave  from  the  other.  Mcasuremeiat  of  the  height  of  the  wave*  on  the  curvet  gave  0  the  valuet 
set  forth  in  Table  1. 


In  the  naiting  solution  (specimen  no.  1,  Table  1)  the  ooncentia- 
tions  of  maleic  and  fumaric  acid  were  taken  as  equal  to: 

10*^  mol.^  lltei. 


m 


Cj  =  250 


F:g.  1.  Polarogiams  of  mixtures 
o'  maleic  arid  fumaric  acids 
1)  =  1/ 10.  Explanation  in  text 
and  Table  1. 


We  tee  from  the  data  of  Table  1  that  tmleic  acid  Is  prefeiea* 
tially  hydrogenated  in  comparison  with  fuimilc  acid;  the  selectivity, 
however,  is  not  «rict  since  at  the  Inram  of  complete  disappearance 
o  f  maleic  acid,  the  fumaric  acid  has  beer,  partly  (only  to  the  ea¬ 
ten  of  1*^)  hydrogenated. 

In  some  cases  it  is  useful  to  obtain  information  about  the  con¬ 
centration  of  the  substance  which  is  being  analysed  by  applying 
the  lio-called  method  of  addition  of  a  r.aridatd  solurioa  which  en¬ 
sure!  greater  accuracy  of  determination,  although  a  longer  period 
Is  then  .’•equired  for  the  determination.  In  the  present  investigation 
we  resorted  to  this  method  in  many  cases. 


When  only  one  of  the  two  components  of  a  mixture  forms  a 
polamgram,  dre  change  of  coniem  of  tnat  compound  in  the  course 
of  hydmgenation  c«r  be  directly  determined  by  mea'urement  of 
the  reight  of  the  single  w.vc  on  the  polwograms  of  wiiridrawn  samples;  the  change  Ir  content  of  the  ether 
componem  is  calculated  by  the  method  expla-j}>ed  in  the  example  below. 


.J^igure  2  contains  a  series  of  polaro- 
grams  plotted  for  samples  of  a  solution 


TABLE  I 


of  an  equi.molar  mixia*e  of  fumaric  acid 
and  oleic  acid  wfrxh  had  been  subjec’ed 
to  hydrogenation;  samples  were  taken 
th:o-.©ho-Jt  the  course  cf  the  reaction  at 

No.  o^ 
samples 

on  curves 

Heigh!  of  wave 
(mm) 

Maleic  •  f  umaric 
acid  i  acid 

Maleic 

acid 

C  lO"* 

1 

Fumaric 

acid 

C'  10** 

irrerrals  corresponding  to  absorption  of 

1 

i  405 

r  ; 

!  660 

250  1 

250 

ea  h  20  30  ml  rjvd.-ogen.  Oriiy  one  w«>e 

2 

270 

1  660 

167 

250 

f  hartge>  on  ihe  pola’ogfam  —that  of 

3 

190 

•  620 

117 

235 

'^-.ma-’f  ariti  olcric  acid  devs  not  piv--  a 
pol,-’rorr,tn!.ic  t/ove  Thu  initill  fi'nccn- 

4 

120 

600 

74 

227 

ttation  of  lunatic  acid  (--$  -Isotfunt  of 

5 

0 

546  i 

0  ! 

1  207 

v'li  'c  at  id;  v/as  2».u  •  1 .  .nclw/ 1.  The 

6 

0 

352.5 

0  1 

i  134 

iUignts  cf  tliL  waves  of  r.ll  nine  curves  in 
firurc  2  an''  the  ccrrcspcnding  concentra- 

7 

0 

140  1 

0 

53 

tion*  cf  fumaric  acid  arc  set  forth  in  Table  2. 

8 

•  0 

;  70  1 

0 

26 

•r  the  experimental  conditions  of 

■he  enpe'.meiii  which  we  describe  as  an  example,  the  saturation  of  the  weighed  amounts  of  fumanc  and  oleic 
a'-id  (each  0.006  g'  mole)  should  have  requiied  246.2  ml  hydrogen  (a«  an  au  temperaiufe  of  14*  and  a  baio- 
me*-.r  p  es^a'e  o*  72*1  mm).  S’ji.  h  an  absorp'ion  should  ror:e>fond  to  a  fall  in  the  concen'iation  of  each  of 
I’  e  ai" 'ds,  tn  the  soluiions  diluted  for  po’.a.og:amming;  fionn250'  10"*  moleA  to  mX,  Assuming,  frit  convenience, 
1  mole/l  as  unu  of  concentration,  we  m.ay  say  that  the  conceniiation  of  each  acid  In  these  arbluary 
uni'js  be‘a  e  ‘lie  aart  of  hydmgenation  war  250  (ui’al  600)  and  that  after  completion  of  hydrogenation  it  was  0. 
Hence  ite  call  i.n  '"onceni ration  tor  ca'’h  arbitca'^y  unit  corresponds  ic  a  hydrogen  absorption  of  ~  0-*^* 


T>c  amount  0*  hydrogen  absorbed  cp  to  the  maani  of  wlrhdiawal  of  eath  of  t.Ke  samples  is  known  from  the 
•frtd  Jigs  01  the  gai  buiets;  we  mu>^  however,  introd  jce  a  correction  into  these  readings;  on  withdrawing  a 
‘wimple  of  olirion  foi  analysis,  we  change  each  iime  the  absoluie  weight  of  unr.aturated  comipounds  partlcip* 
at.'ng  lit  the  reaction.  In  the  experuncni  we  a.'e  now  considering,  the  first  sample  was  taken  before  the  start 
o*  hydrogenation;  samples  2  to  8  were  each  taken  after  absorption  of  20.0  ml  hydrogen;  sample  9  was  taken 
aiT.c’’  aborprion  of  29.2  ml  hydrogen.  The  volume  of  each  sample  was  2  ml  while  that  of  the  original  solu¬ 
tion  was  40  ml.  The  volumes  of  hydrogen  which  would  have  been  absorbed  by  the  original  amount  of  material 
•  c  the  lust  ant  of  withdrawal  of  the  tarcples  are  shown  in  Table  3,  from  which  we  see  lov  ihe  volumes  were 
'"alculaied. 
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TABLE  2 


No.  at  ' 
sample 
and  curve 

Height  of 
fumatlc 
aud  wave 

Fumaric 

•cid 

C'lO** 

1 

SiO 

2fi0 

te 

2 

350 

236 

4$ 

3 

310 

209 

4 

2S0 

189 

44 

5 

240 

162 

10 

6 

170 

115 

7 

lio 

74 

0 

8 

67 

45 

Fig.  2 

9 

0 

0 

acids. 

1!  =  1/ 10,  ExpUnation  in  text  and  Table  2. 


Knowing  the  fall  in  concetrtiation  of  fu-  TABLE  2 

marie  acid  at  the  instant  of  wlihdrawal  of  each 
sample,  we  calculate  how  much  hydrogen  was  • 
consumed  U)  saturating  this  acid  by  multiply' 
ing  the  fall  in  concenttatioo  AC  by  0.4924;  the 
difference  between  the  toul  absorpiicn  and  the 
absorption  by  fumaiic  acid  corresponds  to  t^e 
absorption  o^  hydrogen  by  oleic  acid:  on  divid¬ 
ing  this  difference  by  0.4924,  we  obtain  the 
fall  in  oleic  concencaaon  at  the  insum  of 
withdrawal  of  a  sample 

Thu  calculation  it  Ulusnated  for  a  specific 
example  in  Table  4. 

Ccaiequently,  in  »his  case  also,  when  only 
one  of  the  two  <jnsatura:ed  components  forms  a 
polarogram,  we  still  have  the  posilblliiy  of 
tutficiemly  accurately  tracing  the  change  of 
concernration  cf  both  components  in  the  course 
of  bydroge nation. 

On  the  basis  of  »he  foregoing  observations, 
we  arrive  a:  the  conclusion  that  polarography 
enables  us  to  follow  the  course  of  joint  h^ro- 
geration  o' :wo  unsaturaied  compounds  enhet 
whe.T  the  respective  saturated  compounds  do  not  give  polarcgraphlc  waves  (as  is  mostly  the  case),  or  wlien  both 
unsaturated  compounds  give  sharply  separated  waves.  •;  only  one  of  the  two  compounds  gives  a  polarographic 
wave.  Experimeir  showed  that  by  varying  tie  conditions  of  nolarography  (the  nature  of  the  lolvem  and  the  pH)  tl 
i*  always  possible  to  an  adequate  extent  to  separate  the  waves  of  the  two  unsaturated  compounds  or  to 

$up?.-e$s  one  of  the  waves. 

TA  BLE  4 


Tti.  of 
sample 

gen  ab¬ 
sorbed 

(in  nil) 

Vol.  of 
solurion 
(in  ml) 

Formula  for 
oalcula'tlou 

Total  ab- 
sorptioc 
of  (in 
ml) 

1 

0 

40 

20  40 

0 

2 

20 

( 

!  3S  j 

( 

38 

'  20-40 

21.1 

20  j 

3d 

1 

;  "  36 

'  29*40 

43.3 

4 

20  j 

1  34  ! 

32  ! 

43.3-  ^ 

20.40 

66.8 

5 

20 

1 

! 

i 

66.8.  32 

20  •  40 

91.8 

6 

20  j 

30  ! 

91.8  i 

30 

20-40 

118.5 

7 

j 

20 

28 

118.5.-:— 

28 

20-40 

147.1 

8 

20 

2C 

141.1  ♦  -7^ 

26 

29.2-40 

177.9 

9 

29.2 

24 

1117.9-  J, 

226.5 
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ConscQueatly  ihe  polnographic  method  of  investigation  It  only  untuiteble  in  caiM  when  both  nnsaturatod  con* 
pounds  do  not  give  pola/ogrtras  or  when  the  two  waves  ccinclde  ot  htve  slmllii  leductlon  potentialt  la  all  the  coa- 
dtilons  oi  polaxogrammiag. 


Our  apparatn  fox  carrying  out  bydtoge nations  nos  closely  resembled  that  of  5,  V.  Lebedev  pT]  and  different  in 
minor  details. 

The  hydrogenation  vessel  is  a  duck  and  differs  from  the  normal  type  in  the  presence,  apart  from  two  opeaiags 
with  taps  <rf  which  one  serves  for  connecting  the  hydrogei:  buret  arx!  the  other  for  connection  to  atmosphere,  d  a 
third,  small  lateral  opening  which  can  be  tightly  closed  by  means  of  a  tautened  rubber  cap;  rbt«  opening  is  intended 
for  withdrawal  of  samples  during  hydrogenation.  The  duck  was  rocked  300,  225  and  150  times  per  minute.  Hydn>* 
genatlon  was  performed  with  the  catalyst  prepared  by  A.  S.  Ginzberg's  method  p8].  Through  the  sampling  opening 
was  introduced  a  weighed  amouxu  of  aluminum  or  nickel  powder:  the  panicles  of  metal  were  washed  ofl  with  6  ml 
solvent  (usually  alcohol).  Through  the  same  opening  with  a  pipet  was  iruioduced,  depending  on  the  circumstances, 

5  or  10  ml  aqueous  or  alcoholic  solution  of  PivJl^or  Na|MCl4of  predetermined  concemration.  The  opening  was 
then  closed  with  the  rubber  cap.  the  duck  secured  in  the  frame  of  the  shaket,  immersed  in  a  thermosat  and  con* 
nected  by  a  rid)ber  tube  with  the  hydrogen  line.  The  eKperimental  temperature  was  25  ot  40*  Thtough  the  duck 
was  passed  500  ml  hydrogen,  the  up  was  closed,  and  the  duck  connected  to  atmosphere;  with  the  help  of  a  medlcl* 
nal  syringe  —  by  means  of  which  the  rubber  cap  is  punctured  a  solution  of  1/200  to  1/ 100  g/  mole  of  the  sub¬ 
stances  ot  mixture  of  substance  to  be  hydrogenated  is  inuoduced;  with  the  ume  syringe  is  also  introduced  a  small 
amount  of  solvent  In  order  to  bring  the  tou!  volume  of  liquid  to  40  ml.  After  the  hydrogen  in  the  buret  has  been 
levelled  to  atmospheric  pressure,  the  shaket  is  started  and  reading  is  started  of  the  amount  cf  absorbed  hydrogen 
every  60  second^  with  the  help  of  a  timing  device. 

Samples  are  withdrawn  in  the  following  way:  The  sliaker  is  stopped,  the  cap  is  punctured  with  the  needle  of 
a  synnge.  2  ml  is  aspirated  fmm  the  duck,  and  the  shaker  Is  again  started.  The  sample  Is  uarsfened  to  a  vessel 
from  which  exactly  1  rnl  is  withdrawn  with  a  pipet,  transferred  ro  a  moistened  filter  for  separation  of  the  catalyst, 
and  repeatedly  wa<:hed  with  the  solution  serving  as  the  tnediuio  for  the  sid:seqtient  pobrogiai^ic  analysis;  the 
volume  of  the  fiittaie  is  made  up  U!th  the  same  solution  to  25  ml  or.  more  often,  to  50  mL 

The  first  sample  is  withdrawn  before  the  nart  of  hydrogenation,  the  subsequent  samples  are  taken  ofi  cftei 
each  20  ml  of  absorbed  hydrogen. 

The  pclatogiaphic  analysis  wa*  performed  with  the  A*3  poiatograph  and  with  the  M-7  visual  pclarogtaptv. 

The  com.paiisrn  elecuode  was  a  saturated  calomel  eleciiode. 

SUMMARY 

1,  for  the  puiposc  of  ‘nvestigaung  the  selectivity  characteristics  in  the  course  of  hydrogenation  of  mixtures 
of  unsaturated  compounds,  the  method  of  polarogrsphic  analysis  of  samples  withdrawn  during  the  hydrogenation 
Is  proposed. 

2.  It  IS  sliown  that  the  polarographic  method  1«  suitable  when  both  components  of  the  mixture  give  clearly 
resolved  vivey  ?ai  also  when. one  of  the  two  unsatutaied  compounds  g'ves  a  polarographic  wave  and  the  other 
does  not  give  a  wave. 

LITERATURE  CITED 

[1]  G.  Vavon  and  J.  Detrie,  Comptes  rend.,  172.  1231  (1921):  G.  Vavon  and  A.  L  Berton.  Bull:  Soc.  chim.,  (4), 
37.  296  (1925). 

[2]  K.  A.  Taipale,  J.  Russ.  Chem.  Soc.,  S4,  638  (1922);  56,  61  (1924);  57,  487  (1925). 

PJ  R  Adams,  J.  W.  Kern  and  R.  L.  Shiincr,  J.  Arrr.  Chem.  Soc.,  47,  1147  (1925);  R.  Adams,  and  J.  R.  Marshall. 
I  Am.  Chern.  Soc..  50.  3970  (1928).  R.  Adams  and  T  S  Hamilton.  J.  Am.  Chem  Soc..  50,  2260(1928), 

[4]  H.  Adkins  and  W.  H.  Zartman,  J.  Am.  Chem.  Soc.,  54,  L6C8(1932). 

[51  L.  A.  Allman  and  M.  Nemtsov.  Acta  Phys.  Chim.,  1.  429  (1934);  M.  S.  Nemtsov,  Prog.  Chem..  7,  1617 
(1938). 


[6]  V.  L  Egorova,  J,  (Sen.  Chem.,  6,  1404  (1936), 

[7]  A.  V.  Lozovoi,  M  K.  Dyakova  and  T.  G  Siepamsova,  J.  Gen.  Chem.,  7,  1119  (1937);  A.  V.  lozovol  and 
M.  K.  Dyakova.  J.  Gen.  Chem.,  8.  105  (1938):  A  V.  Lozovoi.  M.  K.  Dyakova  and  T.  G.  Stepantsova.  J.  (Sen.  Chem., 
9.  540  (1939);  A.  V.  lozovoi.  J.  Gen.  Chem.,  10.  1855  (1940). 


1703 


[81  S.  P.  Ugcrcv  and  S.  F.  Babak.  J  Gen.  Cbcro.,  7,  1661  (1937);  S.  P.  Lagcrcf  and  M-M.  Abramov.  J.  Gen. 

Cbem..  8.  1682  (1988). 

[9)  M.  1.  Udiakov  and  A.  L  Broni..’*ky,  J  Gen.  Chem.,  7,  750  (1937);  M.  1.  Ushakov  and  E.  V,  Yahovlera,  J. 

Gen.  Chem.,  7,  753  (1937);  M.  L  Ushakov  and  M,  Sh.  Ptomytlov,  J.  Gsn.  Chem.,  17,  1116  (1947). 

[10)  P.  G.  tfeiyumov,  J.  Gen.  Chem.,  10,  1985,  1996  (I9i0). 

[11)  G.  Vavon  and  A.  Husson,  Comptes  rend.,  175,  989  (1923);  C.  Vavon  and  S.  Kleiner,  Compres  rend,,.  177, 

401  (1923);  G.  Vavon  and  D.  Ivanoff.  Comptes  rend.,  177,  453  (1923). 

[12)  M.  L  tthakov  and  E.  V.  Yakovleva,  J.  Gen.  Chem.,  7.  758  (1937);  M.  L  Udukov,  M.  1.  Ivanova  and 
N.F.  Kosheleva.  J  Gen.  Chem..  8.  1870  (1938). 

[13)  S.  V.  Lebedev.  G.  G.  Koblyaniky  and  A.  O.  Yakubchik,  J.  Rua.  Chem.  Soc.,  56.  266  (1924);  8.  V.  Le¬ 
bedev  and  A.  O.  Yakubchik.  J.  Rass.  Chem.  Soc..  59.  981  (1927);  60.  793(1928). 

[14)  G.  Dupont.  Comptes  rend.,  156.  1623(1913);  Ann.  Chim.  and  Phys.,  (8),  30  485  (1913). 

[15)  E.  F.  Armstrong  aial  T.  P.  Hlldlth,  Proc.  Roy.  Soc.,  A..  96.  137  (1919). 

[16)  Yu.  S.  Zalkind,  J.  Russ.  Chem.  Soc..  45.  1876  (1919:  Yu.  S.  Zalkind  and  P.  V.  Pishchlkov.  J.  Rua.  Chem. 

See.,  46.  1527  (1914). 

[17)  G.  Vavon  and  M.  Jakes  aiL  Soc.  chim.,  (4).  37.  1124  (1925);  0>mpes  rend..  183.  299  (1926);  Bull,  Soc.  chim.(4) 
41.  81  (1927);  G.  Vavon.  BJL  Soc.  chim..  (4),  41.  1598(1927). 

[18)  M.  Bourgacl,BJl.  Soc.  chim.,  (4).  41,  1443  (1927). 


[19)  Yu.  S.  Zalkind  et.  al..  J.  Rua.  Chem.  Soc.,  45.  1896  (1913);  47.  680.  688  (1915):  47.  2045  (1915);  48, 
5JB(1916);  49.  130  (1917);  50,  19.  23.  34  (1918);  52.  186.  181.  1S9  (1920);  53,  279  (1921);  62.  1643  (1930);  J.  Gen. 
Chem.,  3.  573  (1933);  5.  1723,  1768  (1935);  6.  1085  (1936);  7,  470.  815.  1235  (1937);  8.  1382  (1838);  9.  855 
(1939);  10.  521  (1940);  11.  92.  803  {l&4l)j  15.  90  (1945);  17.  iS58  (1947);  18.  1554  (1948). 


PO)  B.  A.  Kara.nsky  ^  o.  T.  Tatevosyan.  Gen.  Chem.,  8.  1428  (1938);  9,  1458,  2248,  2256(1939). 
pi]  ;.  L  kluskat  and  B.  Knapp,  Bei..  64.  779  (1931). 

P2J  G.  Va*-on.  Co.mptcs  rend..  152,  1675  (1911);  153.  68  (1911);  BO!.  Soc.  i±lm..  (4).  15.  282.  287  (1914); 
Comotes  rend  ,  158.  409  (1914). 


pS)  H.  P.  Kaufmann  and  E.  Hansen-Schmidt.  Ber.,  60,  £0  (1927). 

P4J  A.  A.  Zinovyev.  Trans.  V.  L  L  M  P.,  1936,  No.  5.  43;  1937,  li>.  6.  120;  hto.  7.  89. 
pS)  V.  V.  Ipatyev  and  I.F.  Bogdanov,  J.  Gen.  Chem..  6.  1651  (1938). 

P6)  L  F.  Bogdanov  and  E.  L  BailAliova.  Bull.  Acad.  Sci.  USSR.  Div.  Chem.  ScL.  1336,  hio.  1.  91.  109. 

P7]  S.  V.  Lebedev.  J.  pusi.  Chem.  Soc.,  56.  265  (1924);  iA.  S.  Platonov.  "S.  V.  Lebedev.  Life  and  Work’, 
pp.  XXXVl-XLVL 


P8)  A.  S.  Giniberg  and  A.  P.  Ivanov,  J.  Ruts,  Chem,  Soc.,  62.  1991  (1930). 


Received  March  17,  1963 


Ceruxal  Asian  Polytechnic  Instil  me 


i 


1704 


A  SYSTEM  WITH  AN  ENCLOSED  REGION  OF  STRATIFICATION 
THE  RECIPROCAL  SOLUBILITY  OF  HEXAMETHYLENEIMINE  AND  WATER 

E.  N.  Zilberman  and  Z.  D.  Skorlkova 


At  the  present  time  the  general  assumption  is  that  the  usual  fotm  of  solubility  curve  of  binary  systems  is  a 
closed  ring  [1].  In  die  majoilry  of  systems,  however,  it  Is  impotable  to  observe  either  upper  or  lower  critical 
points.  It  is  especially  rarely  that  we  encounter  systems  with  a  lower  critical  point.  This  circunuunce  is  usually 
explained  by  die  onset  of  crystallization  [1].  The  few  systems  with  a  lower  critical  temperature  which  have  been 
studied  are  characterized  by  the  iormationof  chemical  compounds  which  (as  LUusuated  by  R.  V.  Mertslin  (2] 
with  reference  to  mixtures  of  water  and  some  amines)  break  do%m  into  their  original  constituents  on  heating  so  that 
stiaiification  oi  the  homogeneous  solutions  takes  place.  Due  to  the  strong  attraction  between  different  types  of 
nuilecules  at  low  terrpeiatures,  the  components  of  chemically  interacting  binary  systems  form  homogeneous  solu* 
tions.  Wuh  rising  temperature,  the  possibility  of  development  of  heterogeneous  mixtures  arises  at  the  same  time 
as  decomposition  of  the  associated,  solvated  or  other  types  of  compounds. 

We  have  studied  the  teclprocal  solubility  of  hcxamethyleneimine  and  water.  As  had  been  expected,  in  the 
light  of  the  foregoing  co.nslderatioiis.  notwithstanding  the  complete  teclprocal  solubilay  of  the  two  substances  at 
iOom  ie:nperaiuje  [3],  a  lower  critical  point  was  observed  L:  ihe  system  heza.Tiethylenfciminc -water.  We  also  suc¬ 
ceeded  in  demarcating  both  branches  of  the  solubility  curve  and  in  findizig  the  position  of  the  upper  ciitical 
poi.Ti. 


EXPERIMENTA  L 

The  he.xamethyleneLmine  whose  constants  had  been  previoialy  determined  [3]  was  used  in  the  experiments. 
Solubiluy  was  deiernui^d  by  the  polythermal  method  of  V.  F.  Alekseev  [4],  based  on  the  appearance  and  disap¬ 
pearance  of  turbidity  on  slow  heatii^  of  mixtures  of  determined  composition  in  sealed  tubes. 


table  1 


Rc-  .p:oeal  SoUibllU^  of  hexamethrlenennine  and  Water 
Tempera-  !  Content  of  hexamethyleneunlne  la  mixture 
lure  (in*)  ' _ _ (wt.  ^) _ 


in  upper  layer 

j  in  lower  layer 

66.  y* 

1 - - - j 

22.5 

!  22.5 

70  ' 

'  36.6 

10.0 

80 

49.6 

6.8 

90 

1  57.6 

5.8 

100 

62.4 

5.7 

110 

65.5 

6.7 

120 

67.5 

5  7 

130 

68.9 

6.7 

140-160 

70.8 

5.7 

170 

70.3  ! 

5.8 

180  1 

70.3 

1  6.0 

190  I 

i  70.0 

1  6.8 

200*  • 

68.0 

9.8 

210  : 

62.5 

15.5  ■ 

220 

53.0  ; 

22  ^ 

228* 

39.5  ; 

39.6 

! 


The  curve  of  reciprocal  solubility  of  hexame- 
thyleneimine  and  water  (see  diagram)  was  plotted 
on  the  basis  of  the  experiments  performed.  Interpo¬ 
lated  data  are  set  forth  in  the  table. 


Curse  cf  reciprocal  solubility  of  hexamethy- 
lenciminc  and  water.  K  -critical  poinu. 


Ci'liical  tempeiatute. 

•On  heating  above  20u’tlie  contents  ol  the  tubes  turned  yellow. 
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The  lowei  critlctl  tempetatuxe  (fouad  to  be  66.9^  wax  detCTmliied  experlineiitally.  Ciitical  opaleseoee  waa 
observed  at  this  temperature.  The  upper  critical  temperature  Is  228* and  was  obtained  by  grapiUcal  cxtrapoution 
by  extending  the  line  joining  the  center  of  the  connectLtg  suaight  lines  up  to  the  point  of  its  Imenectioit  wUh  the 
solubility  carve.  * 


Since  the  sysem  he xamethylenelmine •water  has  both  an  upper  and  a  lower  critical  tem^ataie,  both  blanches 
of  the  iclubllity  curve  are  characterized  by  the  presence  of  'minimum  solubility”,  i.e.'polnts  (or*  in  oar  case,  sec* 


tiont)  above  and  below  which  the  solubility  rises. 


SUMMARY 


1.  It  Is  shown  that  the  system  hexamethyleneimine-water  possesses  both  a  lower ptA  aa  uRier  critical  tempera¬ 
ture,  Coaesponding  to  the  lower  critical  temperaiure  (66.90  is  a  mixture  conulnlu  22.5  Wt.  ^  hexamethyleael- 
inlne:  conetponding  to  the  upper  critical  temperature  (228^  is  one  containing  SS.bTwt.^o  hexamethyleneimlne. 

2.  The  minimum  solubility  oi  bexametbylenelmine  in  water  occuis  at  100-160*  and  Is  5.*^.  The  mini¬ 
mum  solubility  of  water  In  hexamethyleneimlne  is  29.7%  and  is  observed  over  a  very  broad  tempt^aiure  range 
(140-1800. 
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MELTING  POINTS  AND  POLYMORPHIC  TRANSFORMATIONS  OP 
THE  HYDROXIDES  OF  LITHIUM.  SODIUM  AND  POTA&SJUM 

■  A 

V.  A.  Khltiov,  N.  N,  Kbitiuva  «&d  V,  F.  Khmelkov 

It  is  usually  assumed  that  the  melting  point  of  lithium  hydroxide  Is  445*  that  of  hydtoxkle  S18.4* 

arx)  that  of  potassium  hydroxide  360*  [ll  Being  engaged  over  a  period  of  yeairs  In  the  study  of  the  iateractlaa  of 
hydtoxldes  of  alkali  metals  with  salts  In  melts,  we  were  naturally  forced  to  My  attexlon  to  the  purity  of  obs 
preparations  and,  in  particular,  to  the  purity  of  the  alkalies.  We  prepared  the  purest  NaOH  and  KOH.  on  A.  G. 
Bergman's  suggealon.  from  chemically  pure  metals  (Kahlbaum),  in  a  silver  beaker  under  a  glass  belL  by  the  ac¬ 
tion  on  these  metals  of  twlce-dutilled  water  in  an  atmosphere  of  hydrogen  followed  by  dehydration  at  about  500* 
S' a  furnace  corutantly  filled  with  au  from  which  carbon  dioxide  and  water  vapor  had  been  completely  removed 
(by  passage  through  two  Tishchenko  bottles  containing  sulfuric  acid  aixl  three  columns  filled  with  small  lumps  of 
KOH).  Analysts  of  the  NaOH  and  KOH  prepared  by  this  method  showed  that  they  contain  only  traces  of  moisture 
anl  carbonates;  tbeu  melting  points  were  respectively  322  and  4C6*  [2]. 

The  melting  points  of  the  caustic  alkalies  were  measured  In  a  specially  designed  muffle  furtuce  [2]  filled 
with  air  free  from  carbon  dioxide  and  water  vapor.  Measurement  was  effected  with  a  nichrome-corezantan  at 
gold -platinum  thermocouple  whose  hot  junction  was  directly  immersed  in  the  alkali  melt.  The  scale  of  the  mll- 
livolimeter  was  graduated  on  the  basis  o!  the  boiling  point  of  water  and  the  melting  point  of  chemically  pure 
mads  (tin.  lead  and  ainc),  Tlte  aikalies  were  mehed  la  silver  crucibles.  The  thoroughness  of  the  protection  of 
tite  alkali  melt  against  the  surrounding  au  in  o>ir  nroc'»dtrc  1$  evidc-nr  from  ihc  fact  that  the  melting  poiru  of  the 
alkali  melts  remained  subaam rally  r^nchanged  eveir  ahet  a  residence  time  of  10  hours  in  the  furnace. 


Fig  1  Heating  curve  of  LiOH 


Fig.  2.  Heating  curve  of  NaOH 


We  also  cbiatned  good  results  rn  the  purl^icairon  of  chemically  pure  hydroxides  (Umfoimer,  Merck  and 
Kahlbaum  grades)  by  Sorensen’s  method  (31  involving  standing  for  many  days  of  the  saturated  aqueous  solution: 
followed  by  caie’ul  dehydration  for  6  hours  in  an  atmosphere  freed  from  carbon  droxlde  and  water  vapor.  Our 
results  were  sufficiently  good:  melting  pciui  of  NaOH  320-321*;  of  KOH  403-404*;  of  LiOH  462-463*.  We  thought 
It  necessary  to  check  the  data  for  the  melting  points  cf  the  hydroxides  of  lilhlum,  sodium  and  potassium  against 
the  heating  curves  of  specimens  purii ted  by  one  of  the  above-mentioned  methods.  For  this  purpose  we  used  the 
pyrometer  of  N.  S.  Kmnai'Ov  and  a  differential  recorder. 

The  hot  juivction  of  the  nichiome-consiantan  thermocouple  was  directly  itTimersed  In  the  alkali  melt.  This 
thermocouple  had  been  graduated  against  the  boiling  point  of  water  and  the  melting  points  of  chemically  pure  tin, 
lead  and  ziiK.  The  alkali  melt  was  contained  in  a  silver  crucible  placed  In  a  stoia  silver  block.  The  alkali  was 
melted  in  a  furnace  constantly  filled  with  air  from  which  carbon  dioxide  and  water  vapor  had  been  removed.  The 
thermocouple  was  mounted  in  the  massive  silver  cover  of  the  crucible.  In  this  set-up  *Jie  block  was  rapidly  cooled 
with  liquid  oxygen  contained  in  an  aluminum  vessel  the  air  Ln  which  was  free  from  carbon  dioxide  and  water  va¬ 
por.  The  block  was  iiansfened  to  the  furnace  and  the  heating  curve  was  plotted.  Programmed  temperature 


no? 


teguliiion  WM  effected  iccoidlng  u>  the  rheme  propoted  by  V.  I.  Ktarkoviky  [4]  wuh  the  help  of  a  poteisUl 
regulaioi  for  which  athyratton  relay  *erved  as  the  impulse  element. 

The  plotted  curves  (Figs.  1  to  3)  confirmed  otr  data  and  we  can  now  confirm  that  the  melting  points  are 
UOH  4C2*.  NaOH  322*  and  KOH  406*. 

Repeated  recordings  of  the  heating  caves  of  the  hydroxides 
(flithium,  sodium  and  potassium  also  gave  information  about  the 
number  and  temperatures  of  the  polymorphic  uansformations  of 
these  compounds.  We  could  establish  the  presence  in  LiOH  of 
a  polymorphic  transformation  which,  at  far  as  we  know,  hat  not 
previously  been  reported.  Traruition  of  the  O'Snodlficatlon  of 
LiOH  into  the  6 -form  takes  place  at  413*(Fig.  1). 

The  transition  from  one  modification  of  NaOH  into  the 
other  occurs  at  298*.  It  is  very  interesting  to  note  that  the  en> 
dothermic  effect  of  the  polymorphic  transformation  of  NaOH 
is  very  much  larger  than  the  melting  effect.  This  is  undoubt¬ 
edly  bound  up  with  the  fact  that  both  effects  occur  at  almost 
identical  temperatures  (Fig.  2).  Contrary  to  the  statemea  of 
N.  A.  Re«hetolkov  and  G.  G.  Ciogenov  [5X  who  found  three 
polymorphic  modifications  of  KOH  with  ttandotTr.ation  temperatures  of  268  and  375*.  our  repeated  and  highly  con¬ 
cordant  checks  revealed  only  ore  extremely  marked  endothermic  effect  at  240*.  correspofiding  to  the  transforma¬ 
tion  of  the  c  -modification  of  KOH  into  its  6 -form  (Fig  3).  As  in  the  case  of  NaOH.  the  effect  of  the  polymorphic 
traTiSformation  of  KOH  was  much  more  conspicuous  than  the  melting  effect. 

T.  A.  Polivaaova  collaborated  in  the  research  and  the  authors  extend  their  thanks  to  bet. 


Fig.  3.  Healing  curve  of  KOH 


SUMMARY 

!  Cnrefully  PiUified  hydroxides  of  lithium.,  sod. urn  and  potassium  have  higher  melting  points  than  those  re¬ 
corded  in  the  handbook  literature. 

The  following  melting  points  were  established  by  visual  and  thermographic  investigation:  lithium  hydroxide 
4€2*:  sodium  hydrende  322 *;  potassium  hydroxide  4fi6*’. 

2.  The  heating  craves  of  the  thoroughly  pirified  hydroxides  r?f  lithium,  sodium  arxf  potassium  permit  the  es¬ 
tablishment  c*  the  number  and  temperature  oi  the  polymorphic  traruforrrutions  of  these  compounds.  For  the  first 
time  we  established  the  existence  of  two  polymorphic  modifications  of  LIOH  with  a  transformation  temperature 
of  413*.  The  temperatures  o:  polymorphic  transformations  of  sodium  and  potas»ium  hydroxides  are  respectively 
29?  and  240* 
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ATALTTIC  TRANSFORMATIONS  OF  HYDROCARBONS 


RMATIONS  OF  DIPHENTLETHA  NE  AND  DITOLTLETHA  NE 
Dobryansky,  L.  A.  Ponomarev  and  L.  D.  Dybkln 

on  the  uansfoimation  of  diphenylmethane  [1],  sudies  were  made  of  the  decompoai* 
jiolylethane.  As  we  know,  the  first  of  these  hydrocarbons  forms  toluene  and  comple: 
ilysis.  In  precisely  the  tame  way  dltolylethane  forms  dimethylbenzene  and  anal- 
However,  whereas  dtphenylethan*  forms  only  toluene,  dltolylethane  (Uves.  apart 
beizene.  an  appreciable  amount  of  toluene.  This  reaction  also  occurs  appreciably 
th  anhydrous  aluminum  chloride,  the  action  of  the  latter  bein^  quite  sllUar  to  that 
en  expected  that  on  heating  with  aluminosilicate  catalyst  the  indicated  course  of 
rked. 


EXPERIMENTA  L 

:^ilzed  ■  om  benzene  and  dichloroethane  in  presence  of  alummum  chloride.  The 
a  large  excess  of  benzene  (100  parts  dichlotoeihane.  900  pans  beiuene  and  6  parts 
»n  o'  reaction  or  6  hours,  and  heating  on  the  waiei  bath  to  90*  (at  tlte  end  of  the  re> 
e  yield  was  about  70^. 

)n  precisely  similar  iir.es:  TA  8LE  1 

the  yield  lose  to  80^  of  "Yield  of  Benzene  in  the  Transformation  of 

Icthane  was  purified  by 
f  n  from  alcc.Wol  (m.p. 

Id  by  distillation;  the  290- 
■e  ortho-iiomer  melted  at 
tnly  the  meta^isonier  is  a 
le  with  a  viscosity  at  20* 

19677.  1.5750.  Judging 

acid*  obtained  on  o  rrda- 
,  thu  substance  is  a  mix- 
para -isomer. 

|jT.r  on  the  uansformation 
in  sUTidard  conditions, 

|tcd  gumbriit  as  catalyst, 
effected  over  a  burnci 
periods  of  time.  The  tem- 
ermometer  immersed  in 
iration  of  a  determined 
iiid  a  sample  of  the  liquid 
benzene  coniem. 

jwing  yields  of  benzene  in 
latuig  (Table  1). 

obtained:  d|*  0.8790, 
m  (4  mm)  of  the  higher 

200-260*  and  270-290*.  The  latter  fraction  markedly  predominated.  Analysis 
ctions  showed  that  it  consists  of  undecomposed  dlphenylethane  contaminated  with 


Temp, 
(in  ‘C) 

Dutaticn 
of  beating 
(in  hours) 

Yield  of 

Benzene 
(In  ^)  •  _•  •  •  ; 

r 

1 

4 

0.5 

1 

1 

9 

2.1 

! 

10 

2.? 

170  < 

20 

2.9 

f 

1 

30 

i.l 

1 

c 

40 

3.1 

r 

1 

1.5 

1.2 

1 

i 

4 

2.3 

i 

8 

3.6 

180^ 

10 

3.8 

1 

20 

4.6 

.  35 

4.7 

r 

1 

1 

3.8 

j 

!  ^ 

6.0 

1 

9.7 

190  < 

i  10 

12.2 

j 

! 

14.5 

I 

i  18 

15.0 

1 

\  26 

15.0 

jn. 


ll.2T9  Diphenethylbenzene  C{2H2>  Calculated  C92.30;  h  7.70;  M  286. 


Oxidation  of  the  second  ftaction  with  potauiura  pemurvganate  gave  (torn  5  g  bydiocaibon)  1.6  g  beioole 
acid  and  1.6  terephthalic  acid.  The  benzoic  acid  melted  at  121*5  the  content  of  COOH  was  determined  by  titra¬ 
tion  aixl  found  to  be  36.59  (calculated  36.88^).  The  terephthalic  acid  melted  at  about  310*  in  a  sealed  tuiw  neit 
lallzation  wUh  KOH  gave  a  COOH  coaem  of  53.17  and  53.44  compared  with  the  calculated  amount  of  64.». 

All  these  data  permit  us  to  represent  the  catalytic  transformation  by  the  following  equatlod; 


The  transfornution  scheme  Ic  no  way  diffea  from  the  usual  scheme  for  themsocatalytic  ttansfotinatlon  of 
alkylbenzenes. 

In  addition  to  the  abovc'described  reaction  products,  the  higher  &actlois  contained  a  more  complex  hyd0‘ 
carbon,  evidemly  formsd  with  four  phenyl  groups  linked  by  -CH^Hy- gronpi. 


TABLE  2 

Ratio  of  Amounts  of  Toluene  and 
Dimethylbenzene  in  Dependence  on  the 
Weight  of  Cauiyst 


Ditolyl- 

ethane 

(ft) 

Cata¬ 

lyst 

(b) 

Toluene 

(£) 

Dimethyl- 

benzene 

(E). 

Ratio  of 
toluene 
yield  to 
dimethyl- 
. benzene 
yield 

100 

200 

15.8 

7.7 

2.3 

100 

100 

14.7 

7.4 

2.3 

100 

50 

12.5 

6.C 

2.1 

Dltolylethane.  Three  expetiroentt  weie  nm 
with  dltolylethane  in  the  same  oondltions  as  %rlth 
dlphecyletha&e.  In  the  third  experlmem  were 
used  200  g  cauiyst  (activated  gumbrln)  and  100  g 
dltolylethane.  Fractionation  of  the  productt  of 
transformation  gave:  1C7-112*  1.96  g,  112*134* 
2.1  g;  134-142*.  5.2  g:  142-160*,  1.9  gs  160-170* 
4.6  g;  170-330*.  21.0  g;  above  330*.  ,35.9  g; 
losses  9.7  g. 

The  107-112*  fraction  is  mainly  toluene,  dj* 
0.863.  The  112-134*  fraction  is  a  mixture  of 
toluette  and  xylene  and  was  subiequently  found 
to  consiu  of  equal  parts  of  these  hydrocarbons; 
sinrllarly  the  142-160*  faction  was  resolved  into 
xylene  and  trimethylb^nzene  The  134-142*  frac¬ 


tion  was  xylene  with  0.862.  Judging  by  the  structure  of  the  original  dltolylethane.  the  latter  iiacticn  would 
be  a  mixture  of  m-  and  p-xylencs. 

For  the  toluene  type  of  transformation  according  to  the  equation 


2CK,CtH/:Hja!j:;,i:4CiI,  =  CjUsCl'j  *  Cti,C,II/:U,CH:C,H>CH,CH,C,H/:H, 

CH, 


the  yield  of  toluene  must  amount  to  47.1^  of  the  theoretical  yield.  By  aitalogy,  for  the  xylene  transfornution  the 
yield  of  xylene  must  be  25.2^.  In  practice  the  ratio  of  toluene  to  xylene  is  much  higher;  inuead  of  1.87: 1  it  it 
4: 1;  hence  It  follows  that  the  toluene  decomposition  must  be  regarded  as  the  main  reaction. 

With  progteselve  ttansfoimaiion  of  the  dltolylethane  heated  with  catalyst  to  a  maximum  temperature  of  350*, 
the  yield  of  dLullate  was  (calculated  on  the  charge  of  raw  nutcrial)  in  experimeiirs  with  distillation  of  the 
reartior'  products.  The  ratio  of  the  toluerw  to  dlmethylbenzene  formed  was  tubstamially  coostam  (Table  2). 

ji  eypeiiments  with  decomposiilon  ursder  a  reflux  condenser,  when  the  formed  reaction  products  were  able 
to  cact  for  a  long  period  with  the  catalyst,  the  ratio  of  toluene  to  dlmethylbenzene  was  as  high  as  4:1.  From 
this  we  can  ccnrlixie  that  the  dlmethylbenzene  formed  itself  panlclpates  la  the  further  traruformations  with 
formation  of  methyl-  and  irimcthylbeicenc,  as  we  bad  previously  shown  [2], 

SUMMARY 

1.  Transformation  of  diphenyl  methane  in  presence  of  aluminosilicate  catalyst  leads  to  formation  of  benzene 
alone  in  the  voUiUe  fraction. 

2.  Transformation  of  dltolylethane  leads  to  Initial  formation  of  toluene  and  dlmethylbenzene  ai  the  tame 
tLme.  iricieasing  duration  of  cx>niact  with  the  catalyst  increases  the  proportion  of  toluene  due  to  secondary  changes 
0^  the  dlmethylbenzene. 

3.  Formation  of  benzene  from  dipJicnylethane  has  an  equilibrium  character  which  is  goverrved  by  the  tem¬ 
perature. 
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CONDENSATION  OF  ALLYLACETATE  WITH  BENZENE  IN 


PRESENCE  OF  A1C1| 

I.  P.  Tiukervanik  ajid  S.  G.  Melkanovitekaya 


Many  aiahois  have  studied  the  condensations  of  allyl  halides  and  allyl  alcohol  %flth  benzene  In  presence  of 
acid  catalysts.  Formation  of  1,2‘diphenylpropajie  has  been  observed  in  the  majority  of  cases.  In  some  cases, 
however,  it  was  possible  to  Isolate  products  containing  one  phenyl  group.  Nenltzesku  [1]  obtained  E^hleropro* 
pylbenzene  together  with  1,2-diphenylpropane  from  allyl  chloride  and  benzene  in  presence  of  FeCl|  and  ZnCl^ 

In  our  laboratory  [2]  allylbenzene  and  2-chloropropylbenzene  were  obtained  with  the  tame  catalyst  and  allyl 
alcohol.  Allylbenzene  was  also  obuined  in  low  yields  when  using  BF|  [31  HF  [4]  and  A1CI«  [5).  In  a  recent 
paper  Losev  and  co-workers  [6]  showed  that  condensations  of  allyl  chloride  in  presence  of  AlClj  proceed  in  the 
first  place  with  reaction  of  the  chlorine  atom,  and  the  formed  allylbenzene  is  subjected  to  various  traiufoima- 
tions.  Conseouetsly  the  literature  data  indicate  that  in  the  reactions  discussed  the  double  bond  of  allyl  compounds 
only  playr  a  part  after  substitution  of  the  halogen  or  hydroxyl: 


CH,  =  CHCH,-A  ♦  H-C,ri,--4  CVf|CH^H  = 


HCl 


where  A  =  CL  Bt.  OH. 


CaHa 


Some  condensations  of  allyl  bromide  and  allyl  chloride  with  benzene  in  presence  of  H^SO^  and  HF  have  been 
described,  however,  which  proceed  only  at  the  double  bond  [TJ. 


We  must  also  bear  in  mlixl  that  in  certain  specific  condirlons  the  condensations  lzaj  lead  almost  entirely  to 
anomalous  products.  Long  ago  the  case  was  described  of  pieparaiion  from  allyl  chloride  and  benzene  ot  propyl- 
benzene  in  high  yield  [81 


We  have  studied  the  reaction  of  allylacetate  with  benzene  with  the  aim  of  ascertaining  whether  addition  at 
the  double  bond  is  possible. 

The  condensations  of  viny lac  cute  with  benzene  described  by  Korshak  arid  co-workers  [O]  lead  to  acetophe¬ 
none.  1,1-dlphetiylethane  and  9. 10-dimethyldihydtoaruhraccne.  Under  the  influence  of  AlClj  the  first  step  is 
evidently  cleavage  of  the  ester  linkage  of  vinyl  acetate.  On  the  other  hand  in  our  laboratory  [10]  it  was  possible 
In  mild  cpnditiom  to  realize  the  norma!  condensation  of  vinylbixyl  ether  with  benzene.  One  patent  [11]  claims 
the  preparation  of  various  8 -phenyl  compounds  by  condensation  of  vinyl  derivatives  (including  vinyl  acetate) 
with  aromatic  hydrocarbons  in  presence  of  AlCl^ 

It  was  to  be  expected  that  the  gieat  distance  of  the  double  bond  from  the  ester  group  in  allylacetate  would 
cause  the  latter  to  react.  If  only  partly,  according  to  the  followirtg  scheme: 


C.H, 

CH,  =  CHCHpCOCH,  ♦  H-C,Hj*»CH,-tHCHpCOCH, 


We  started  our  study  of  ibe  reactions  by  using  small  quantities  of  AlCl^  but  it  was  found  that  condensations 
do  not  then  take  place  either  in  the  ccld  or  with  heating.  Only  when  using  a  slight  excess  of  AICl|Over  the  equi¬ 
molar  amount  (1.1  mole)  can  these  condensations  be  effected.  Evidently  one  |nole  A1C1|  is  bound  to  allyl- 
acetaie  in  the  form  of  a  co.mplex  at  the  ester  group.  Subsequently,  this  complex  reacts  with  benzene  at  the 
double  bond,  bar  the  ether  group  then  undergoes  cleavage.  In  these  experlrr.enis  we  obtained  1.2-diphenylpropanc 
in  yields  of  up  to  50^  of  the  theoretical.  Wc  were  also  able,  by  lowering  the  condensation  temperature  to  4-€* 
to  obtain  small  amounts  of  6 -phenylpropyl  aceiata  which  was  identified  in  the  form  of  the  corresponding  alcohoL 
In  one  experiment  it  was  shown  that  with  an  excess  of  benzene.  6 -phenylpropyl  acetate  gives  1.2-diphenylptopane. 
In  none  of  our  experiments  was  allylbenzene  obtaiited. 


AU  cbesc  ficu  jwtlfy  »  iu  U-Uevlng  th*!  *UyUcct»ie  aciuaUy  reacu  In  the  in«»nce  .t  Us  double  »»«!. 

We  did  not  succeed  In  establishing  the  conditions  in  which  6i>henylpropyl  aceute  would  be  the  mala  product  of 
the  condensattons.  This  Is  due  to  the  ease  of  cleavage  of  the  ester  bond  by  the  enceai  of  A1C1» 

In  this  group  of  ccndeiuatlons  we  thought  U  was  very  Important  to  have  a  ttrict  proof  of  the  ttructure  of  the 
prepared  diphenylpropane  since  the  formation  or  two  of  Its  isomers  is  probable.  No  proof  of  this  wm  submitted  in 
previous  papers:  the  authors  limited  themselves  to  determination  of  the  constants  and  to  some  indirect  criteria. 

On  nitrating  1.2-dlphenylprcpane,  Konovalov  p2] obtained  a  crystalline  primary  nltro  compound  which  we 
used  for  ideniification  of  our  product,  although  the  reaction  proceeds  slowly  and  gives  low  yields. 

By  performirv  the  synthesis  according  to  the  scheme: 

CH,  CT, 

C^H^Cl  ♦  C^OCH,->C^H<C-C^C,H^H»CC,H^  C*H^H|CH-C|Hi 

OH  CH, 

It  was  possible  for  us  to  nitrate  two  specimetu  of  1,2-diphenylpropane  and  to  coovirrce  ourselves  of  their  identity  by 
the  absence  of  depressitm  of  the  meltittg  point  of  a  mixture  of  the  two  nltro  compounds. 

EXPERIMENTAL 

Examples  of  conJensation  of  allylaceiate  with  benzene.  1)  To  80  ml  benzene,  mixed  with  16.1  g  (0.12  mole) 
AlCl,  was  gradually  added  10  g  (0.1  mole)  allylacetate  in  20  ml  benzene.  The  ntixture  was  cooled  with  ice  and 
stirred  for  2  hours.  After  decomposition  with  acidified  water,  the  benzene  layer  was  separated,  dried  anl  fractionated 
to  give  11  g  (56^)  1,2-dipihenylpropane  with  b.p.  128'130*at  8  mm:  resinous  residue  2.5  g. 

2)  To  a  solution  of  10  g  allylaceute  in  ICO  ml  benzene  at  room  temperature  was  gradually  added  16.1  g 
.^ICl,.  The  mixture  was  heated  for  2V  t  hours  on  a  boiling  watet  bath.  Yield  11  g  (56»  1.2 -diphenylpropane 
and  3  g  resin. 

3.  To  a  sclittion  of  15  g  (0.15  mole)  allylaceute  in  150  ml  benzene  was  added  24.2  g  (C.13  mole)  AICl, 
small  portions  ovct  a  period  of  2  botus  wito  continuous  ceding  and  stirring.  Stirring  was  prclunged  for 
another  2  hours.  The  temperature  of  the  reaction  mixture  (thermometer  in  flask)  was  tiuimalned  throughuu:  the 
who.‘e  period  at  4-6*.  A  fraction  was  collected  wi:h  b.p.  Il4-128*at  15  mm  (3  4  g)i  judging  by  the  •aponlfica* 
tion  namber,  the  ftactioti  contained  54*  d-f^enylpropyl  acetate:  yield  '1^  of  the  theoretical.  In  addition  11,3  g 
(38^)  1.2-dtphenylpaopa.ie  was  isolated. 

Investigation  of  the  producu  of  condensattons.  F  -Phcnylpropyl  alcohol  was  Isolated  by  saponification  of  the 
114-128*  (15  mm)  fraction.  Liquid  with  a  pleasant  odor.  B.p.  113-114* (15  mm). 

df  1.0062;  ng  1.5275;  MRo  41.54;  Calculated  41.81. 

The  p-nltrobenzoaie  was  prepared  wiih  m.p.  61-62*.  The  constants  axe  very  close  lo  those  repotted  in  the 
literature  (13], 

Dehydrogenation  of  fi-phenylpropyl  alcohol  over  copper  catalyst  at  260-S0C*and  20-40  mm  residual  pressure 
gave  hydratropic  aldehyde  which  was  isolated  via  ihe  bisulfite  compound.  It  was  Identified  as  the  semicarba- 
zoae,  m.p.  162-153*  [14J. 

1.2-DiphenyIpiopane.  After  two  distlUatlotu  the  product  of  the  condensations  bad  the  following  constants: 
b  p.  128-130*  (7  mm):  df  0.9818;  ng  1.6581;  Mfij)  64.45;  Calculated  64.43. 

Control  syTiihesis  of  1.2-dlphenylnropane.  Benzylmethylphenyl  carbirtol  p5]  was  prepared  from  40  g  beiizyl 
chloride.  7.7  g  magnesium  and  32  g  acetophenone.  Yield  37  g  (66  ^).  Dehydration  of  the  carblnol  o-er  Aip, 
at  tOO  gave  mcthylstilbene  In  a  yield  of  4^  of  the  theoreticaL  The  best  results  were  obtained  by  boiling  the 
carbinol  (22  g)  with  acetic  anhydride  (40  g)  and  acetyl  chloride  (20  g)  [16].  The  methylstllbene  isolated  after 
neutralization  of  the  solution  with  soda  was  recrystallized  from  alcohol.  M.  p.  79-80*.  Yield  16  g  (79.50^). 

MethyluUbene  (9  g)  was  reduced  to  1.2-dlphenylpropanc  [17]  with  sodium  (9  g)  in  alcoholic  solution  (100  ml) 
by  heating  the  mixture  on  the  boiling  water  bath.  Complete  solution  of  the  sodium  was  effected  by  addition  of 

20  ml  alcohol  after  which  the  mixture  was  acidified.  The  1.2-dlphcnvlpropar)e  was  extracted  wUh  ether  Yield 
7.7  g  (650k). 


After  distilUtion  over  sodium  the  synthesized  product  bad  the  foUowir^  consunts:  b  p  128-129* **  for  7  mm  I 
df  0.9797;  ng  1.5581;  >4Rd  64.G0. 

Nitration  of  1.2-diphenylpropane.  5  g  diphenyl  propane  was  heated  at  100*  in  a  flask,  fitted  with  a  meehanl- 
cal  stirrer  and  a  reflux  condenser,  with  20  ml  nitric  acid  (d  1.075).  Heating  was  continued  for  18*20  hours  and 
was  Slopped  after  the  whole  of  the  hydrocarbon  had  been  transformed  Into  a  heavy  oil  which  collected  at  the  bot¬ 
tom  of  the  flask.  After  separation  and  washing  with  soda,  the  oil  was  treated  with  an  aqueous  alcoholic  solution 
of  KOH;  only  a  small  portion  of  the  oil  went  into  the  alkali  solution;  from  the  latter,  by  passage  of  was 
gradually  separated  the  nitro  compound  which  crystallized.  After  washittg  *  aqueous  alcohcl  and  recrystallixlng 
from  alcohol,  the  subttaix:e  had  m.p.  153*  as  repotted  by  Konovalov  [121  Both  specimens  of  1.2<Iipbenylptopane 
gave  the  same  nhro  compound,  and  a  mixed  sample  melted  without  depteuion  at  153*. 

SUMMARY 

1.  The  condensation  of  allylacetate  with  benzene  In  presence  of  A1C1|  was  studied  in  various  conditions. 

In  all  cases  the  main  oroduct  is  1.2^iphenylpropane  (yield  up  to  56^  of  the  theoretical). 

2.  At  low  temperatures  (4-6*)  the  formation  was  deuKiDstiated  of  the  intermediate  8 -phenylpropyl  acetate, 
which  indicates  that  the  first  stage  in  the  condenution  is  addition  at  the  double  bond. 

3.  Synthesis  by  a  scheme  excluding  the  formation  of  isomers  gave  1.2'diphenylpioparte  whose  oitratioo  by  the 
Konovalov  method  gave  a  primary  nitro  compound  which  enabled  identification  of  the  product  of  the  described 
condensation! 
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THE  REACTION  OF  ETHER-OXIDES  WITH  NITROGEN  COMPOUNDS 
VII.  REACTION  OF  GLYCIDE  ISOPROPYL  AND  a-BUTTL 
ETHERS  WITH  DIETHTLAMINE 

F.  G.  Ponomtxev  and  V.  G.  Polotukhlnn 

In  previous  communications  by  one  of  us  [1-8]  we  described  the  results  of  experiments  on  addition  of  amnapnla 
and  wlcihylamine  to  methyl  and  ethyl  ethers  of  glyclde.  Continuing  oia  investigations.  In  this  paper  we  desctibo 
the  tesulu  obulned  for  the  interaction  of  the  Isopropyl  aw*  n-bisyl  ethers  of  glyclde  with  dlethylamlne.data  fin 
which  are  absent  from  the  llteratire. 

The  experlmena  showed  that  these  glycide  ethers,  like  the  methyl  and  ethyl  ethers,  easily  react  vrlih  aqueous 
diethylamine,  forming  the  corresponding  ethers  of  amino  propanediol  (O  in  high  yield 

(C,Hj),NCHyCHOHCHp8.  (0 

where  R  =  isoC|H>  C4H^ 

Thu  re^ction  proceeds  in  one  direction  and  it  not  accompanied  by  side  leactloiu,  in  contrast  to  the  behavior 
of  glyclde  which  polymerizes  when  diethylamine  is  added  to  it  during  heatLig  [4];  the  glyclde  ethen  react  smoothly 
with  this  amine,  independently  of  the  order  of  mixing  of  the  reactants,  at  room  temperature  and  at  a  higher  tem¬ 
perature  (80-100^. 

The  suucture  of  the  jrepared  amlncalcohols  follows  from  the  method  of  prepaiat'on.  in  complete  accord 
with  ihe  Krasusky  rule  [5]  on  the  order  of  adduion  of  ammonia  and  amines  to  umym metrical  a'oxides  and  their 
substituted  detivaiives  and  is  confumed  by  theii  synthesis  from  diethylumme  and  the  corresponding  ethers  of 
glycerol  a  ■mor.ochlorohyd«’tB 

ROCKjC  HOHCHya  — ROCHphOHCH,N(CtKtl> 
where  R  =  iso-CjM^andC^H^ 

Esterification  of  the  aminoglycols  (0  with  acetic  annydride  gave  the  corresponding  a.S-diesters  of  amlnopro* 
panediol  (U) 

(CjH4)xNCH|CH(t>70CH^)CHpR.  (ID 

The  ethers  of  aminopiopinedlol  (D  Ate  cola'less  liqurds  with  basic  properties,  less  hygroscopic  than  the 
metby]  and  ethyl  etheti  of  iminopropanediol  (2,3].  They  react  wuh  meullu.  sodiun^,  rapidly  decolorize  bromine 
tn  chloroform  and  give  cr;,>talline  picrates.  They  do  not  give  crystalline  hydrochlorides.  When  dry  hydrogen 
chloride  is  pas&ed  into  absolute  etbeteal  solutiens  of  the  aminoalcohols.  a  visr^ous  noncrysuliine  mass  comes  down. 
.Neither  do  the  bases  (1)  give  crystalline  derivatives  with  ethyl  iodide. 

EXPZRIMENTAL 

The  glycide  etl«eis  required  toi  the  reaction  uere  obtained  from  the  corresponding  ethers  of  glycerol  o-mono- 
chlorohydiin  under  the  action  of  pulverized  KOH  in  absolute  ether  as  already  described  [6].  Diethylamine  was 
used  in  all  the  exi>eriinents  in  the  form  of  aqueous  solution. 

Reaction  of  glycide  Isopropyl  ether  with  diethylamine.  Synthesis  of  3-isop:opoxypiepanol-2-diethylamlne 
(I  R  -  iso-CtH?). 

a)  To  17.5  g  (0.15  mole)  glyclde  isopropyl  ether  (b.p.  134*.  ng  1.4111)  was  added  33  g  (0.45  mole)  dieihylatu- 
ine  in  58  ml  water.  The  lemperatuic  of  the  mixture  was  observed  to  rise  from  20  to  30*.  When  the  initially 
homogeneous  reaction  mixiuie  was  heated  on  the  water  bath,  it  scpaiated  iruo  two  layers  after  10-15  minutes. 

-After  heating  lor  3  hours,  the  upper  layer,  wluch  consisted  of  the  aminoalcohol  (D,  was  teparatedi  saturation  of 
the  aqueoiB  layer  wiih  .<OH  gave  a  funher  small  quantity  of  aminoalcohol  which  was  cot.ibined  with  ihe  main 
pioduct  before  drying  over  KOH  and  distilling  in  vacuum.  There  was  obtained  23 g  Visopropoxypropanol- 

2-diethylamlne.  liero  and  in  all  subsequent  experimenis  the  yield  is  calculated  on  the  glyclde  ether.  In  two 
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other  expciiments  conducted  in  precUely  the  ume  condiiiom.  the  product  wu  obtained  tn  yield*  of  76  and  7T> 
of  the  theoretictL 

b)  To  11.6  g  (0.1  mole)  glycide  isopropyl  ether  wa*  added  21.9  g  dlethylamlne  (C.3  mole)  in  44  ml  water. 

The  reaction  mixture  was  stood  at  room  temperature  for  72  hows.  Separation  and  purification  in  the  above* 
described  maimer  gave  13.8  g  (737c)  3*isopropoxypropanol-2<diethyUmlne.  In  another  experiment  in  which  the 
amount  of  dlethylamine  was  reduced  fmm  3  to  2  moles  per  mole  ether,  the  yield  of  product  was  aightly  reduced 
(6d7b  of  the  theoretical). 

3'Isopiopoxyp:opaiiol'2-dicthylamiae  had  the  following  conttamt: 

b.p,  93-95*  at  10  mm;  df  0.9856;  ng  1.4348;  56.06;  found  66.48. 

0.1562  g  sub.:  8.3  ml  O.IN  HjSO^  0.1276  g  sub.:  7.00  ml  O.IN  H1SO4 (Kjeldahl).  0.1154  g  »ub.:  6  ml 
0.1  N  NaOa  0.1242  g  sub.:  6.7  ml  O.IN  NaOH.  0.2456  g  sub.:  21.04  g  benzene:  ^  0.34*.  Found  N  7.44,  7.46; 
OH  a  84.  9.17;  M  195.8.  CuHaOjN.  Calculated  N  7.40;  OH  8.98;  M  189.29. 

Here  and  In  the  la»r  experiments  the  coniem  of  hydioryl  group  was  determined  w'Uh  the  aid  of  acetic  anhy* 
dride  In  pyridine  Ph 

It  is  a  coloiless  liquid  with  the  odor  of  imlnes.  b  possesses  basic  propeities.  b  dissolves  readily  in  alcohol, 
ether,  carbon  terachloride  and  benzene,  spaibigly  in  cold  water  and  still  more  sparingly  in  hot  water,  b  does  not 
dutll  without  decomposition  at  atmospheric  pieisure.  It  is  stable  when  kept  fox  a  long  period,  b  reacts  with  me* 
tallic  sodium.  l!  rapidly  decolorizes  a  chloioCorm  solution  of  btomine  and  potassium  petmanganate.  In  normal 
conditions  it  absorbs  moisture.  A  quaixity  of  0.7259  g  increased  in  weight  by  about  1^  after  6  boos. 

The  p.<crate.  prepared  by  mixing  equimolar  alcoholic  solutions  of  the  aminoalcohol  and  peciic  acid,  forms 
lemon-yellow  crystals  with  n:.p,  163-164*  (from  absolice  alcohol). 

0,0892  g  substance:  8.92  ml  0.1  N  HjSO^  (Ecken’s  method  [SJ).  Found  Ifc:  N  14.00  Calculated  %•. 

N  13.39 

Tne  acet-^e  (II.  R  =  Iso-CjH^)  was  prepared  by  the  action  of  acetic  anhydride  (2C7o  excest)  on  aminopropane* 
diol.  Colotless  liquid  with  a  characteristic  odor: 

B.p  88*  at  8  mm;  d?  C.9363;  ;.4328:  MRj^  64.23;  Calculated  64  85. 

0.1342  5  subsunce:  5.3  ml  0.1  N  H}S04.  0.1219  g  subsunce:  4.9  ml  0.1  N  H^04  (Kjeldahl).  Found 

N  5.53:  5.67.  Calculated  Tfc;  N6.05 

Tue  acetate  Is  soluble  in  alcohol  and  ether;  sparingly  in  water. 

Action  of  diethyls  mine  on  the  isopropyl  ether  of  glycerol  a -monochlorohydrin.  With  the  obiectlve  of  confirming 
the  structure  of  the  3-tsopropoxypmpanol-2-diethylan»ii»e  piepated  from  glycide  isopropyl  ether  and  dlethylamine,  we 
synthesized  the  same  aminoalcohol  from  C.e  cortespoiaiing  ether  of  the  haloalcohol  and  dlethylamine.  3  g  glycerol 
A -mo  nochlorohydrin  iscprOpyl  ether  (b.p.  180-184*  n*  1.4405)  prepared  f'pro  eplchlorohydrlr:  and  absolute  alcohol 
[6).  was  sealed  into  a  tube  with  4.3  g  (threefold  excesa)  dlethylamine;  the  mixture  was  heated  on  a  boiling  water  bath 
for  4  hours.  The  ptoduct  was  then  worked  up  wbh  water;  the  upper  layer  was  separated;  the  aqueous  layer  was  satu¬ 
rated  wiih  solid  K.CH  to  give  a  small  am.ount  of  upper  layer  which  was  combined  with  the  main  product  before  dry¬ 
ing  with  KOH  and  dutillmg  in  vacuum.  Yield  2.7  g  (72.67t)  aminoalcohol  with  b.p.  96-98* ai  10  mm. 

The  plciate  of  thts  base  melted  at  163-164*  (from  absolute  alcohol)  and  did  not  give  a  depression  with  the  above- 
described  picrate  of  the  base  prepared  from  glycide  Isopropyl  ether  and  dlethylamine. 

0.1264  g  substance:  12.41  ml  0.1  N  H,S04  (Eckert's  method).  Found  7®:  N  13.75.  CuH^aNi.  Calculated  7E>: 

N  13.39. 

Reaction  of  glycide  butyl  ether  wUh  dlethylamine  .  Symhesii  of  3-buioxypropanol-2-dietbyIamine  (L  R  =  C^jHa) 

a)  To  23  g  (appmx.  0.18  mole)  glycide  butyl  ether  (b.p.  164-166*;  n^  1.4178)  was  added  36.5  g  (0.5  mole)  di- 
ethylamlnc  in  75  ml  water.  The  temperature  rose  from  20  to  26*  and  tlie  homogeneous  liquid  formed  two  layers 
after  10-15  minutes.  Further  procedure  was  as  described  above.  Vacuum  fractionation  gave  27  g  (Te.lTt)  of  3-butoxy- 
prcpanol-2-dlethylamlne.  In  two  other  si.mllai  experiments  this  amiruialcohol  was  obtained  in  yields  of  74  and  777k 
of  the  theoretical. 
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8  mole)  glycide  ether  w»t  added  22  g  (0,3  mole)  diethylimiite  in  44  ml  waiei  and  the  mixtm 
allowed  to  «tand  for  72  hours  at  room  temreratute.  The  product  was  worked  up  at  before  to  give  13  g  (64lb)  3-bti- 
toxyprcpanol-42-dietbylamine.  Using  2  instead  of  3  moles  of  dieihylamine  per  mole  glycide  ether,  the  yield  fell 
to  59^. 

3'Butoxypropanol>2  diethylamine  is  •  colorless  liquid  with  an  imine-like  odor.  ' 

B.p.  118-119*at  12  mm:  d*4*0.S864;  n^  1.43,0;  MRjj  59.71;  Calculated  60.11. 

0.2304  g  substance:  10.9  ml  0.1  N  H1SO4  (Kjeldahl).  0.1502  g  substance:  7.2  ml  0.1  N  H^04.  0.1308  g  sub¬ 
stance:  6.3  ml  0.1  N  NAOH.  0.1164  g  substance:  6.1  ml  0.1  N  NaOH.  0.1206  g  subsunce:  22.21  g  benzene:  ^ 
0.17*.  0.2330  g  substance:  22.21  g  benzene;  At  0.21*.  Found  N  0.62,  6.T1;  OH  8.21.  8.91:  M  (mean  value) 
208.?.  CjjHjPjN.  Calculated  N  G.89;  oh  8.37;  M  203.32 

It  possesses  basic  properties;  dissolves  easily  in  alcohol,  ether  and  benzene;  sparingly  in  cold  water  and  still 
more  sparingly  in  hot.  It  U  stable  after  prolonged  storage  Distils  at  atmospheric  pressure  (180-185*)  with  much 
decomposition.  Reacts  with  iretallic  sodium.  Rapidly  decolorizes  potassium  permanganate  and  bromine  in  chloro¬ 
form.  In  ordinary  conditions  it  ukes  up  moist  ure.  After  6  hours  0.4227  g  took  up  0.0^. 

The  picrate  forms  lemon-yellow  crystals  with  m.p.  166-167*  (from  absolute  alcohol). 

0.^42  g  substance:  6.3  ml  0.1  N  H1SO4  (Eckert's  method).  Found  N  13.74.  Calculated  1b: 

N  12.95. 

The  acetate  (II.  R  =  C4H^),  prepar-xi  .'s  described  above,  is  a  colorless  oil  with  a  characteristic  odor. 

B.p.  112-113*  at  6  mm:  d*4*  0.9377;  n*  1.4344;  MRp  67.99;  Calculated  69.47  . 

0.1306  g  substance:  5.2  ml  0.1  N  H2SO4,  0.1432  g  substance:  5.9  ml  0.1  N  HJSO4  ( Kjeldahl).  Fouttd 
N  5.57,  5.77.  CuH^tOjK.  Calculated  1b:  N5.71. 

The  acetate  is  soluole  in  alcohol  and  ether,  sparingly  in  water. 

Action  of  dieihylamine  on  glycerol  e-nyunochlorohycrin  n-butyl  ether.  A  mixture  of  4  g  glycerol  a  -monochlo- 
rohydrin  n-butyl  eiber(b.p,  203-205*.  l.‘i42S)  ard  5  3  g  diethylamine  (threefold  excess)  wau  heated  in  a  sealed 

tube  on  a  boiling  water  bath  for  6  hours.  The  product  was  then  treated  with  water  (9  ml);  the  tap  layer  was  col- 
locieC.  dried  with  solid  KOH  and  distilled  in  vacuum.  Yield  3.7  g  ('74.9^)  3-b uto xypto pa nol -2 -diethylamine  vrith 
b.p.  120-121*  at  13  mm. 

The  picrate  of  this  base  melted  at  166-167*  (from  aosolute  alcohol)  and  did  not  give  a  depression  with  the  above 
described  pir^aie  o’  the  base  ob'aLned  'rom  giycide  butyl  c’hcr  and  die’bylamir>e. 

0.1183  g  substance:  10.54  ml  0.1  .N  H,S04,  round  Ic:  M  12.44.  CiyHa04N4.  Calculated  V.  N  12.95. 

SUMMARY 

1.  The  reaction  of  glycide  isopropyl  and  n-butyl  ethers  with  aqueous  diethylamine  was  <tudied. 

2.  The  products  of  these  reactions:  3-isoptopox>'propanol-2-dleihylamine  and  3-butoxypropanol-2 -diethyl- 
amine  and  their  acetates  and  some  salts  were  characterized. 
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REACTIONS  OF  ALIPHATIC  DIAZO  COMPOUNDS  WITH  UNSATURATED  COMPOUNDS 


XVn.  REACTION  OF  ETHYLDIA20ACETATE  WITH  ESTERS  OF  UNSATURATED  ACIDS 
AND  WITH  MESITYL  OXIDE  IN  PRESENCE  OF  COPPER  CATALYSTS 

I.  A.  Dyakoiu)?.  I.  N.  Somin  and  M.  I.  Komendaatov 


In  previous  communications  one  of  us  [1)  put  forward  ihe  suggestion  that  realization  of  the  reaction  between 
ethyldiazoacetate  and  olefins  in  presence  of  coppei  catalysts 


R  -CH  -  CH  -Rj  ♦  NjCHCOOC 

CUSO4) 


CHCOOCjH* 
RCH-CH-Rjf  1^ 


(1) 


may  meet  with  difficulty  when  the  nucleophilic  ptoperties  cf  the  eihylenic  cemporients  in  this  reaction  are  weakened 
by  the  presence  of  electron  acceptor  groups-  F  and  at  the  double  b-c-nd.  Up  to  now  only  ov:  example  Ulustraiing 
ihu  possibility  [2]  had  been  known:  diethyl  fumaraic  and  the  diazoacetate  do  not  leact  wun  one  another  with  forma- 
xujp  o'  £  cyclopropane  derivative  if  the  experimem  is  conducted  ir  presence  cf  copper  powdei;  due  to  the  decompo' 
lUion  o*  the  ethvi  Clazoacctate  on  the  copper  catalyst,  only  a  fresh  Quaruiry  of  ethyl  fiimcrate  u  obtained  [SL 


In  the  present  investigation  we  attempted  to  Lnciease  tlic  number  of  these  examples  by  studying  the  hetero- 
gcntxius  catalytic  reaction  of  ethyl  diazoacetate  with  esters  of  a  ,6-unsaturated  acids— uanscrotonic  and  iTierhjcrylic 
acids  —as  well  as  with  an  a ,£ 'unsaturated  ketone  —mesityl  oride.  a  must  be  poimcxl  oia  tliat  no  data  have  hitherto 
appeared  ir.  the  literature  concerning  the  reaction  of  carbonyl-conuiiung  compounds  wjth  aliphatic  diazo  com¬ 
pounds  in  presence  ol  copper  catalysts.  In  the  absence  of  catalysis,  a,d*uruaturated  ketones  react  with  aliphatic  di¬ 
azo  compounds  in  the  same  manner  as  do  esters  of  a.fi-urtsatuxaicd  acids  [41  i.e.,  with  formation  of  the  conespond- 
ing  pyiazolines.  An  example  is  the  reaction  of  CH|Nj  with  mesityl  oxide  [5]  and  of  K^HCOOCjH|  with  benzalaceto- 
phenone  [61  Ketones  not  containing  multiple  bonds  react  with  diazomethane  usually  ir  the  presence  of  Lydroxyl- 
containmp  caulysts.  Products  of  the  reaction  are  moa  usually  a  -oxides  or  homologs  of  the  original  ketonea  f71  but 
In  isolated  cases  the  formation  occurs  of  cyclic  ketoacetals  due  to  interaction  cf  2  moles  ketones  with  1  tnole 
CHjNj  [81  Benzaldehyde  reacts  similarly  with  ethyl  diazoacetate,  in  a  molar  ratio  of  2  :  1.  in  the  absence  of  cop- 
pet  catalya  [9], 

In  the  present  communication  it  is  sliown  that  ethyl  diazoacetate  does  not  cmei  into  reaction  with  tbe  ethyl 
ester  of  trans<roionic  acid  (in  presence  of  ceppet  sulfate  )  according  to  equation  (1):  (R  =  CHj.  R^  =  COOCjH^).  An 
experiment  led  to  separation  of  ethyl  furnatate  -the  product  of  dimerization  of  2 >CHCOOGjH|  residue; -in  a  yield 
of  of  the  theoretical.  The  ester  of  crotonlc  acid  was  recovered  to  the  extent  cf  60^  of  the  arnornt  calculated 
from  equation  (1).  In  addition  a  considerable  amount  of  resinous  material  was  obiained. 

Reaction  did  not  take  place  with  meihylmcihacrj'Ute  due  to  fairly  rapid  polymerization.  Taking  into  account 
the  inhibiting  action  of  copper  powder,  we  may  assume  that  polymerization  was  accelerated  by  formation  cf  radi¬ 
cals  due  to  breakdovm  of  the  ethyl  diazoaceute. 

Investigation  of  the  reaction  with  mesityl  oxide  showed  that  the  product  was  an  exiremely  complex  mlr.uie  of 
esters,  mostly  high-boiling,  whose  separation  involved  great  difficulties.  The  composition  of  this  complex  mixture 
appears  to  vary  slightly  in  dependence  on  the  rate  of  addition  of  ethyl  diazoacetate  in  the  condensation  reaction.  The 
slowet  the  addition  the  closet  the  elementary  composition  of  the  main  portion  of  product  to  the  formula  of  the  ester 


Foimaiion  of  the  Uuex  may  be  repiesemed  by  the  equatlM 
N/:HCOCx:xH*  +  f(CH,)^=CH-cocH, 

In  experiment  1.  in  which  the  slowest  addition  (27  g/ hr)  was  made,  fuctlons  7  and  8  were  closest  to  the  com¬ 
position  Cj^jP^Csee  uble)  and  rep.-eicnted  SO.flIfc  by  weight  of  aU  the  fractions.  From  the  lower -boiling  ponion 
were  isolated  fractioos  4-4  {fi.f/h  of  the  total  weight),  conespcnding  to  the  composition  C^jPt-  .  • 

NpHCOOCjH,  ♦  (CH,)p=CHCOCH,  CuHiA  ♦  N|  (*) 

and  fractions  1-2  (5-€lt  of  the  toul  weight),  the  main  component  of  which  was  ethyl  glycolate.  The  remaining 
fractions  enumerated  in  the  table  were  not  examined. 

Alkaline  hydrolysis  of  fractiotu  7*8  gave  a  small  amount  of  glycolic  acid,  a  mixture  of  oily  acids  of  indeter¬ 
minate  composition  and  a  solid  acid  with  m.p.  110*  with  the  formula  corresponding  to  the  ester 

No  explaiution  hat  yet  been  found  for  the  formation  of  glycobc  acid  on  hydrolysis:  its  ester  could  not  have  come 
over  with  the  etier  C]fH2g04due  to  the  too  large  difference  in  boiling  points  of  these  compounds.  The  liquid  acids 
(equivalent  197)  were  not  further  invesigaied.  On  the  basis  of  the  llteratine  data  [8,  9]  on  the  formation  of  cyclic 
condensation  products  in  reactions  of  diazo  compounds  with  aldehydes  or  ketones,  we  should  expect  structures  (0  or 


(11)  for  the  acid  C14H22O4 

CH, 

CH,  CK, 

Ac 

C4HW-CK-CH  -COOH 
1  1 

1 

1  1 

/ 

0  0 

R-4~9\  yCH, 

R“C - C-R 

(CH,)p-CH 

\/ 

1  ! 

1  i 

j  CH-COOH 

CH 

CH-O 

0  0 

(CKa)p-CH 

1 

1 

\ 

Ac 

C4H, 

COOK 

1 

COOK 

(0 

(ID 

(lU) 

(IV) 

where  R  =  (CH,)p=CH 

-  and  Ac  =-COCH,. 

Tne  benzalphenylglycerlc  acid  (I\').  cbiamed  by  condensation  ol  ethyl  diazoacetate  with  benzaldehyde. 
hydrolyzes  quanruatively  to  be.izaldehyde  aal  phenylgylceru:  acid  ly)  on  beating  •ith  aqueous  alcol#ol  oi  »*uh  di¬ 
lute  acetic  acid.  In  these  conduioiK  the  acid  C;4H|204does  not  hydrolyze.  Under  the  action  of  acetic  acid,  how¬ 
ever.  It  panly  chariges.  possibly  into  an  isomeric  acid.  Acid  C ]4H2204deluutely  isometizes  in  presence  of  suUuric 
acid:  or,  heating  together,  a  s.mall  amount  of  acetone  is  formed  together  with  an  acid  of  the  same  compoution  with 
m.p.  ICS*  whose  structa'e  was  not  established.  .None  of  the  anticipated  producu  oi  hydrolysis  were  found.  The  data 
obtained  were  not  co!u.stetJ  wuh  formulas  (I)  and  (II).  Formula  (III)  could  not  be  taken  into  consideration  in  view 
of  the  consp.'coous  ansat—— *on  of  acid  Cj^gO^iiee  below).  We  decided  on  the  structure  of  the  tetiahydtofuran 
carboyyLc  aerd  (V)».  although  we  failed  in  the  course  of  funhei  investigation  to  obtain  coiKlusive  evidence  in  sup¬ 
port  of  this  cooclusion. 


(CH,)p  =CH--C^  ^CH-COOH 

'  ! 

CHpOCH - C(CH,), 

(V) 

Starting  from  this  formula,  we  may  assume  that  2^  HfS04 causes  ring  expansion  with  panicipation  of  the  ca*- 
bony!  of  the  acetyl  group:  the  product  of  isomerization  docs  not  give  a  precipitate  with  2.4-dtniuophenyIhyd7azLtie 
in  contrast  to  the  original  acid.  Acetone  Is  evidently  formed  due  to  a  side  reaction  of  hydration  of  the  isobutenyl 

Here  we  give  only  one  of  the  four  possible  (for  the  given  reaction)  formulas  of  tiimethyl-lsobiuenylacetyl-teira* 
hydrofuran  carboxyli:  acid. 
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g!Oup  similar  to  that  observed  for  mestyl  oxide  In  the  ume  conlitloM  (10), 

TTie  acid  with  m.p.  110  does  not  hydrogeiute  over  Raney  Nl  In  alcoholic  solution  at  the  ordinary  tempcsa* 
tore.  In  the  same  conditions  It  slowly  adds  on  hydrogen  in  presence  of  platinum.  The  consumpcloo  of  hydrogen 
exceeds  that  calculated  for  one  double  bond  (40^  excea).  If  formula  (V)  is  conect,  then  the  eieess  mint  be  dae 
to  hydrogenolysls  of  the  ether  bend  of  the  ring:  in  the  hydrogenation  product  the  active  hydrogen  content  was 
higher  than  that  calculated  for  The  reaction  with  2,4dlnitrophenylhydtazine  ga%e  a  positive  result.  Rnp* 

ture  of  the  ting  of  the  investigated  acid  evidently  also  accouius  for  the  Increased  permanganate  consumption  dmlng 
oxidation  over  that  calculated  for  one  double  bond  (70^  excess).  In  the  products  of  this  reaction  were  found  acetone 
and  a  little  acetic  acid  (possibly  due  to  further  oxidation  of  the  acetone),  but  Instead  of  the  expected  dtbasic  acid 
CiiHifig  more  drastic  oxidation  gave  a  mixture  of  iion<rystaUizing  acids  whose  analysis  did  not  give  definite  ie« 
cults.  Evidently  the  screening  action  of  substituents  on  the  ring  hinders  the  formation  of  derivatives  at  the  carbonyl 
group  of  the  acid.  A  precipitate  is  only  formed  with  2,4<dlnltiophenylhydrazlne.  The  presence  of  a  carbonyl  group 
was  conclusively  demonstrated  only  by  the  ultraviolet  specuum  of  the  acid.  The  acid  has  a  maximum  of  abaorp* 
tlon  at  X  =  292  m/i.  l.e..  in  the  region  of  adsorpturn  of  the  C  =  O  group.  Fractions  4*^  were  a  mixture  of  Isomeric 
eaers  Their  alkaline  hydrolysis  gave  (yield  of  the  theoretical)  trans-3.3*dimethyl-2-acetylcyck>> 

pTopane*l<atboxylic  acid  (VO,  and  formation  of  acetone  was  detected. 

Oxidation  of  acid  (VO  with  sodium  hypobromite  gave  tians<aro> 
nic  acid  (VU).  Formation  of  acetone  on  hydrolysis  and  some  qualiu* 
tive  reactions  of  the  Invenigated  fractions  make  probable  the  presence 
of  the  isomeilc  esters  (VIII)  and  (IXj  in  the  mixture.  The  presence  of 
small  amour.t5of  water  in  the  condensation  product  readily  brings  about 
hydrolysis  of  (iX)  with  formation  of  mesityl  oxide  and  the  ester  of  gly¬ 
colic  acid,  which,  as  already  mentioned,  was  found  in  Fractions  1*2. 
Judgtng  by  the  analytical  data  for  Fractions  4-<5  (about  2^  active  hydro¬ 
gen  fc’ind)  the  presence  in  the  mixture  cf  a  hydroxyl-containing  ester 
(structure  not  established)  can  also  be  assumed.  Foe  presence  of  only 
irimethylene  carboxylic  eaer  can  be  said  to  be  conclusively  esiablished 
in  Lhese  fractioas. 

C.K-COOH  CH-CCX)H 

/\  /\ 

(Ch,)jC-CH-CCCfl,  (CH,)/: -CH-COOH 

(VI)  (vat 

CH,  O 

\ 

(CH,)^  =  CH  -c  -  CH  -COOCgHj 

(vno 

(CH,)^  -CH-C-0-CH,-C00C,H,  (CH,)^  =  CH-CH-CO-COOH. 

CH,  CH, 

(IX)  (X) 

H  addition  of  ethyl  diazoaceiate  to  mesityl  oxide  is  effected  more  slowly  than  in  experiment  I  (sec  experi¬ 
ment  HI)  the  main  portion  of  the  condensation  product  (54  9^  of  the  weight  of  all  the  fractions)  t'‘'iher  sharply 
deviates  in  composition  fiorn  that  calculated  for  Cj5H,j04  .Alkaline  hydrolysis  of  this  portion  gives,  apart  from  the 
acids  obtained  on  hydrolysis  of  fractions  7-S  of  experiment  I,  an  uiisaturaied  keto  acid  of  the  composition  C|H|,0, 
for  which  formula  (X)  may  Lie  advanced.  The  ethyl  estei  of  this  acid  muit  have  the  composition  C,jHyOj.  and 
possibly  its  presence  in  the  condensation  brought  about  the  above-noted  change  of  composition. 

Although  our  investigation  is  not  complete,  we  can  nevertheless  draw  a  conclusion  of  irterest  to  us  concern¬ 
ing  the  behavior  of  the  double  bond  in  this  reaction.  &  may  be  concluded,  taking  iruc  account  the  Lnslgra^icanr 
yield  of  Cyclopropane  ether,  that  not  the  double  carbon-carbon  bond  but  the  nuc leophilic  oxygen  atom  of  rnesityl 

oxide  is  the  point  of  attack  of  the  reagent —the  ^^CHCOOC,H,  radical —In  this  reaction.  In  all  ptobabiliiy.  one 

of  the  esters  — (VIID  or  (IX)  —is  the  primary  product  of  Interaction,  while  ester  C,,H,^4is  formed  by  secondary 
reaction  of  mesityl  oxide  with  one  of  these  compounds 

However  that  may  be,  mesityl  oxide  or  ihe  esters  of  a.f -sinsatuiaied  acids  ccruretned  heie  cannot  serve  as  a 
starting  point  for  the  preparation  of  derivatives  of  cyclopropane  in  this  reaction.  Tlus  result.  In  our  opinion,  may 
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be  expHined  by  •  ceruin  simUttlty  of  the  electronic  chaiacterUtlc*  of  the  do.jble  bonds  in  the  suning  olefins. 

EXPERIMENTAL 

1.  Reaction  of  Ethyl  Diazcacetate  with  Mesityl  Oxide 

Experiment  L  Staning  Components.  Eihyl  diazoaceiate  was  pialfied  by  ucam  distillation  la  vacniun  (111 
Methyl  oxjde  was  rectified^  a  column;  b.p.  126-130*  [121  The  catalyst  was  anhydrous  copper  salfate. 

Condenuijon.  To  mesUyl  oxide  (1230  g)  and  4  g  copper  sulfate,  heated  to  boiling  on  an  oil  bath,  was  slowly 
added  diopwise  with  mechanical  ttiirlng  a  mixture  ot  400  g  ethyldiazoacetate  and  360  g  meiliyl  oxide.  The 
mean  rate  of  addition  was  27  g  ethyl  diaxoacctate  per  hour.  Bath  temperature  130-140*.  After  aitrogea  had 
ceased  to  come  off  (at  the  ersd  of  the  experiment  93.4lb  of  the  calculated  amounr  had  come  off)  the  reaction  pn- 
duct  was  cooled  and  filtered  and  the  excesr  mesityl  oxide  distilled  off  in  vac  ujn:  b.p.  60-70“ a?  60-66  mm,  yield 
1230  g.  The  residue  was  an  oily  liquid  which  was  varuum-disillled.  The  d^ilUate  weighed  530  g  a.nd  boiled  at 
51*  at  7  mm  to  145" at  0.5  mm.  Only  the  small  low-boiling  panion  of  the  diolllate  was  fxthei  sactionated  u  a 
vacuum  column  at  7  mm  to  1  mm.  The  main  high-boiLng  porilo’i  was  distilled  In  a  vacuum  of  lee  ttun  1  mm 
'tom  a  WuiTz  fusk  with  a  low  ami  broad  side  tube.  The  fractions  resulting  from  lepeated  fractionation  are  set  forth 
in  the  uble. 


Results  of  t^ractional  DutiUatsor.  in  Vscuuir.  of  the  Cotxircsation  Ptodtset 


No.  of 
fraction 

B.p. 

m 

1 

Index  of  refiacuon 

D 

1  Weight  j  Weight  in  relation  to  toul 

1  [g)  weight  of  frauion 

1 

i 

47,5-61  ax  5  mm  ! 

1.4205 

1  5.5  '7 

5.4* 

2 

51-55  at  5  mm 

1  1.4188 

'  17.0  •  / 

3 

55-92  ! 

i  FtOT.  ■J.4205  to 

1  4430 

1  <3 

1.0 

4 

8063  at  1  rem  i 

!  1.4482 

22  0  j  ] 

6.5* 

5 

6t*63  at  1  mm 

1  1.4510 

5.0  j  j 

6 

CS'105  at  C.5  mm  j 

1  From  1.4555  to 

1.4654 

62.1  .  i 

15.0 

7 

‘  105-115  at  0  5  mm  j 

j  1,4701 

95.0  j  'J 

115.0  1  j 

50.6* 

8 

.  105*115  at  0.5  mm 

1.4711 

9 

105-130  at  0.5  mm  j 

From  1  4730  to 

1.4780 

60.7  ! 

12.2 

1C 

130-145  at  0  5  mra  ] 

(with  decorapeotuon)  ' 

1  Fiom  1.4780  to  1.4838 

j 

38.4  ! 

9.3 

jvesigation  of  first  and  second  fractions.  Both  fiartioiis.  especuUy  the  firfl,  contain,  together  with  the  ester 
of  glycolic  acid,  merayl  cside  (characteruric  odor,  decolcxizatuin  of  K,Mn04,  2.4-diniuophenylhydiazinc  test);  this 
conrair.ina'son  also  resulted  (for  the  secorid  fraction)  in  the  not  folly  satufactory  analyixal  data  and  const  ants:  b.p. 
51-55*  at  5  mra,  d“  1.0&21;  n”  1.4188  (llieiatute  data:  b.p.  158*  at  760  mm,d4‘  1  087  (10)). 

O.lSSe.  0.1979  g  iub-.unce:  0.2754,  0.3435  g  COj;  0.1130,  0.1343  g  Hp.  0.1074.  0.1197  g  subsiaiKC:  24.1, 
26.7  ml  C. 4*  (14*.  773.9  mm).  0.1037.  0.2035  g  substance:  11.31.  18.13  g  benzene;  Ai  0  40;  0.60*  Found 
5»:  C  47.02  ,  47.37,  H  7.91,  7.59.  OH  16.32,  16.43;  )4  117.6.  115.2.  C^Hp*.  Calculated  C  46.15;  H  7.74 
OH  16.34;  kd  104.1, 

Fraction  1  was  not  analyzed.  Hydrolysis  of  13.3  g  of  the  seco.nd  fraction  with  100  ml  2  N  MaOH  followed  by 
ether  extraction  of  the  acidified  solution  in  a  perforator  gave  2.25  g  glycolic  acid  with  m.p.  78-79*  (pressed  on  a 
plate  and  rccrysialllzed  from  ether).  It  was  identified  by  the  mixed  racliing  point  test  and  by  a  deiermlrtation  of 
the  equivaleru. 

0.1666  g  substance:  21  83  ml  0.1  N  NaOH.  Found:  cquiv.  75.31.  (CHp)COOH  Calculated:  equlv.  76,06. 

Hydrolysis  of  fraction  1  by  heating  with  10*?>  KCl  followed  by  evaporation  of  the  solution  likewise  led  to  for¬ 
mation  of  glycolic  acid. 

Examination  of  fraciians  4  atxl  5.  Both  fractlonr  decolorized  2^  KMnO^,  gave  the  silver  mirror  reaction  with 
ammoniacai  Agp,  and  in  the  cold  deposUed  iodine  from  a  solution  of  KI  in  acetic  acid. 

•Calculated  uxr  sum  of  weights  of  both  fiactioni. 
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Fraction  4;  b.p.  60-64*at  1  mm;  dj  1.002i  aj  1.448t 

0.1274.  0,1616  g  lubsunce:  0.3065.  0.3B51  g  CO,;  0.1019,  0.1277  g  Hfi.  0.1459  g  adbuaaeei  4.1  ml 

CH4(13,5*.  768.4  nun)  0.2214  g  lubrunce;  14.72  g  benzene;  At  0,44*.  Found  1b:  C  65.61,  66.04;  H  8.74 

8.84;  OH  2.0;  M  176.  C],Hj,(OH).  Cakulated  It;  C  66.19;  H  8.76;  OH  9.8|  M  184.8 

Faction  5:  b!p.  64-68* at  1  mm;  1.004;  n*  146X9. 

0.1141  g  subtunce:  0.2726  g  CO,;  0.0903  g  H^.  0.1416  g  inbttance;  12.86  g  benzene:  At  0.29*,  0.4184 

g  lubatance;  11.6  ml  OJl  JJJCOH ^hydrolyxU).  0.1875  g  subaaace:  5.0  ml  CH^13.6*  768.4  mna).  Foun' 

C  65.18;  H  8.85;  Mgr.  168.0;  182.0;  OH  1.9.  CuH^pH.  Calculated  <%:  C  65. t5;  H  8.76;  M  184.2;  OH  9.9. 

Trans«3,3-dlmethyl‘2-«cetylcyclopropaBe-l<arboxylic  acid  (VI).  5.4  g  (0.8  -nmle)  Craction  4  wa*  bydnl- 
yzed  by  heating  for  an  how  with  25  ml  10^  NaOH.  The  tolwloa  was  steam'il  is  tiled.  When  the  fiat  portion  nf 
the  distillate  was  mixed  with  an  acetic  acid  solution  of  44HtropheByIhydrazlne,  it  gave  a  yellow  ptecipUate  with 
m.p.  141  *143*  (0.2  g);  after  crystallization  from  aqueous  alroliol  the  ra.p.  was  145-146*;  identity  was  confirmed  by 
a  mixed  melting  poiiu  test  with  acetoiw  4^iopheuylhydrazooe. 

The  alkaline  solwion  was  acidified  and  the  tesolua  oily  acid  was  extiected  with  ether.  The  crystals  obtained 
after  removing  the  ether  and  drying  in  vacuum  were  pressed  oi  a  porous  plate  and  crystallized  from  a  mixture  of  ether 
and  Ugioine.  M.p.  108-110*.  Yield  of  acid  (VD  0.66  g  (14^).  Heating  of  taction  5  for  3  hours  with  lOlb  NaOH  led 
to  formation  of  0.71  g  acid  (VD  (15^  of  the  theoretical  yield)  and  0.6  g  acetone  4-fiitiophenylhydrazone.  In  both 
cases  piolonged  extraction  of  the  acid  solution  gave  aninslgUfkam  amount  of  oily  material  which  was  not  amen¬ 
able  to  examination. 

Acid  (VI)  is  soluble  In  alcohol  and  ether,  sparingly  In  water.  It  does  not  decolorize  In  the  cold  a  solution 
of  KMnO^.  Its  silver  salt  was  prepared. 

0.1116  g  sub,;  0.2525  g  CO,:  0.0797  g  Hfi.  0.1002  g  sub.:  6.4  ml  C.IN  NaOH.  Found  C  61,76: 

H  7.97;  equlv.  166.3.  CjM^O,  Calruiated  9>:  C  61.52;  H  7.75;  equlv.  156.2.0.1566,0.1367  g  sub.:  0.0640. 

0;05S0  g  Ag.  Found  Ag  4(1B7.  -lOOC.  C,HiP,Ag.  Calculated^;  Ag  41.00. 

Oxidation  with  hypobromite:  tran.t<arbo::%'ac  acid  (VUl  A  soluticn  of  0.75  g  acic  (Vll)  ir.  2.4  ml  10^  NaOH 
was  run  In  the  cold  Into  a  cold  soluoon  of  sodium  l.ypubromiie  (44  ml  Hp,  2.64  g  l-tsOH  and  g  brctrliw): 
bromoform  was  evolved.  Aftei  the  lapse  of  2  heurt,  the  sorution  was  saturated  with  SO,  and  made  alkaline;  the 
bromoform  was  then  extracted  wtih  ether.  The  aqueous  layer  was  acidified  with  sulfuric  acUJ  and  saiuratc4  with 
ammonium  sulfate;  this  brought  down  a  sclid  carboxylic  acid  which  was  extracted  with  etlicr.  After  careful  eva¬ 
poration  of  the  solvent  in  the  cold,  the  acid  (VII>  was  twice  tecryttallized  from  hot  water.  M-p.  211*  In  agreement 
with  :he  liietatuic  [10],  Yield  0.60-0.64  got  SO-fijfJf  of  the  thcorerical.  The  acid  equivalent  and  the  silver  content 
of  the  prepared  salt  were  determined. 

0.1511  g  sub.:  19.0  .ml  0.1  N  NaOH.  Found:  equiv.  79.49.  C,H,  (COOH),.  Calculated;  equlv.  79.08. 

0,1983,  0.1609  g  sub,;  0.1136,  0.0864  g  Ag.  Foundlb;  Ag  57.28,  57.37,.  CjHP4Ag,  Calculated^;  Ag  58.01. 

Examtnatior  of  fractloru  7  and  8.  Fraction  7,  b.p,  105-115* at  0.5  mm;  1.4701. 

0.1471  g  sub.:  0.3628  g  CO,;  0.1220  g  Hp.  0,2497gsub.:  21.39  g  benzene:  Ar  0.20*  Found  5»;  C  67.32; 

H  9.28;  M  268.9.  Ci,H,P4,  CalcuUted  1b:  C  68.06;  H  9.28;  M  282.4. 

Fraciiop  8:  b.p.  105-115*  at  0.5  mm;  n{f  1.4711, 

0.1280  g  SI*.:  0.3174  g  CO,;  0.1035g  Hp.  0a692  g  sub.;  18.99  g  benzene;  At  0.17*.  Found  C  67.69; 

H  9.05:  M  299.0.  Cj^,P4,  Calculated  1b;  C  68.05;  H  9.28;  M  282.4. 

Alkaline  hydrolysis  of  fraction  7.  SO  g  of  the  substance  was  hydrolyzed  by  heating  with  350  ml  1C1»  KOH. 

Dark-red  solution.  After  concentration  on  the  water  bath  It  was  acidified  with  30l>  sulfuric  acid  which  was  intro¬ 
duced  in  10  ml  portions  beneath  a  layer  of  ether  which  had  been  poured  on  to  the  surface  of  the  cooled  alkaline 
solution.  The  organic  acid  which  separated  as  an  oil  after  acidification  went  imo  the  ether  layer  which  was  per¬ 
iodically  pioured  off  and  replaced  by  fresh  ether.  From  the  ethereal  extracts  was  obtained  69  g  oily  acid  which  wai 
distilled  in  vacuum  (0.6  mm)  from  a  Wurtz  flask  with  a  broad  side  tube.  The  first  fraction  of  distillate  crystallized 
in  the  side  tube.  The  distillaiion  was  stopped  and  the  crystals  pressed  on  porous  plate.  M.p.  76-79  .  Yield  of 
crude  glycolic  acid  2  g.  M.p.  (ftom  ether)  79-80*. 

20.00  mg  sub  :  23.14  mg  COp  9.60  mg  Kp.  0.1613  g  sub.:  23.71  ml  O.IN  NaOH.  Found  1»:  C  31.57; 

H  5.37;  equlv.  75.61.  (CHp)COOH.  Calculated  *>>:  C  31.59:  H  5.34:  equlv,  76.05. 
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UUrUltiion  wai  resumed  and  a  dl«iJla»  obtained  In  the  form  of  a  very  trlscous  oil  with  b.p.  115'1S5* 

(0.5  mm).  U  was  separated  into  four  fracUons.  difforins  from  one  anothei  by  viscosity  and  color;  the  vlscoatty 
irarteases  In  the  later,  fractions  .which  have  the  appeaiance  of  vaseline;  the  coloi  deepens  from  yellow  In  the  flat 
fraction  to  red-brown  in  me  last.  The  two  top  fractions  slowly  crystaU*zed  when  rubbed  with  a  tod.  On  seeding, 
the  Icwet  ftactlons  also  crystalUxed  btf  to  a  lesser  degree.  After  standltV  for  48-72  hoots  all  the  fractions  were 
filtered  under  vacuum  through  a  porous  Schott  filter  and  the  obtained  crystals,  as  well  as  toe  filtrates,  wete  com¬ 
bined.  The  crystals  were  washed  with  abmliite  ether  and  piessed  on  pomus  plate.  Yield  of  crsde  acid  CuHiPa 
with  m.p.  100-104*  was  10  g  (14lk).  Crystallization  from  a  mixture  of  etnet  and  Ifgroine  gave  €  g  nearly  colorlea 
crysuls  wlih  nup.  108*.  The  pure  preparation  melted  at  109-110*. 

The  oUy  filuate,  separated  f»m  the  solid  acid  was  again  distilled  In  vacuum  to  give  a  yellow 

distillate  (fairly  viscous)  arid  a  small  quantity  of  glycolic  acid.  The  equivaleitt  of  the  distillate  was  determined: 

LOlSOgsid).:  51.18  nrg  0. IN  NaOH.  Found:  equlv.  107.C. 

The  distillate  was  not  further  examined.  Glycolic  acid  was  also  isolated  by  {Kolonged  ethereal  extraction 
in  a  petforater  of  the  acidic  aqueous  sohAlon  retiralnlrg  after  separation  of  the  investigated  mixtuie  of  acids. 

Alkaline  hydrolysis  of  fraction  6  (97  g  subaaisce,  430  ml  10*  KOH)  also  led  to  formation  of  glycolic  acid 
and  acid  C  8  o-  obuirsed;  m.p.  102-105*.  Crystalllzarion  gave  9  g  vrtih  m.p. 

107-108*. 

Examinatton  of  acid  CuH»^^  M.p.  109-110*.  RcadUy  soluble  in  alcohol,  less  soluble  In  ether,  insoluble 
in  water.  Decoloiizes  cold  KMn04Solixion. 

0.1180,  0.1305  g  sub.:  0.2865,  0.31B5  g  CO^  0.0942,  0.1C38  g  Hfi.  0.2250.  0.1548  g  sub.:  8.85,  6,90  ml 
O.IN  NaOR  0.0948  g  sab.:  9.10  ml  CH^flS',  764.4  mm).  Found  *;  C  66.27,  66.58;  H  8.93,  8.92,  act.  H  0.404; 
equiv.  254.4.  255,7.  Cskulsicd  *:  C  66.12;  H  8.72:  act.  .H  0.396;  tquiv.  254.31 

Hydrogens tion.  Tne  acid  does  not  isdergo  hydrogenation  ove*  Raney  nickel  in  alcoholic  solution  at  room 
tempers’. arc.  Hydrogeoatuin  o!  1  g  acid  in  alcohol  (5ft  ml)  in  presence  of  0.2  2?l  16*  and  765  mm  lasted  11 

hou-n  at  an  liL'Tlal  hydrogen  absorption  velociiy  of  15  ml  ICi  30  nduu’cs  and  a  loial  cortsumpiioc  of  130  ml 

{0*.  760  miTy,  which  enresds  by  45*  the  aiXiOuni  of  hydrogei-  calculated  .fci  one  double  bond.  The  pccductof 
hydrogenation  is  a  nnncrystallizlng,  coloriess  sU.  faitly  viscous.  Tee  number  of  active  hydrogens  was  fbuiird  to 
be  highei  than  calc  ulated  lot 

0  1091  g  sub.:  12.0  mg  trjTi.  Found:  act.  H  0.458.  Calculated:  act.  H  0.393. 

fceaci^)c  with  reagetas  at  the  carbonyl  group.  The  semicarbazone  and  pmtropbenylhydrazone  of  the  acid 
c  au.d  r*oi  be  prepared  by  whe  usual  p'oetdures.  Or  inrerartian  of  1  g  of  2,4<liivUrophenyfhydrazinc  in  a  solution 
o  25  ntl  alcohol,  7.5  ml  water  and  S  ml  cooc.  sulfuric  acui  [14]  wrlth  an  alcoholic  solution  of  C.5  g  of  the  acid, 
a  precipitate  of  bydrazone  was  only  obtained  after  several  hours.  M.p.  102-105*.  After  three  crysrallizarioiu 
from  alcohol  the  m.p.  was  constant  at  180-181*.  OwLTg  to  lack  of  matei^l  ii  was  not  analysed.  See  diagram  for 
uk.'avioler  abiorpt'on  spectrum  of  the  acid. 

Action  o'  aqueous  alcohol.  The  original  acid  was  recovered  unchanged  after  45  minutes  boiling  of  a  solution 
of  the  acid  in  50*  alcohol  followed  by  removal  of  the  solvent  on  the  water  bath. 

Action  oi  2c*  acetic  acid.  0.5  g  acid  in  solulion  In  20*  acetic  acid  (20  ml)  was  refluxed  for  an  hour.  Re¬ 
moval  of  the  solvent  le't  0.4  g  yellowish,  viscous  mass,  acidic  incharactet.  Analysis  of  the  silver  salt  showed  that 
hydrolysis  had  not  'aken  place  since  the  silver  content  of  the  salt  did  noidiffer  from  that  calculired  for  the  salt 
of  »ht  or.glnal  acid  (or  iu  isomer). 

0.1659  g  sub.:  0.0491  g  Ag.  Found*:  Ag  29.59.  CuHup4,Ag.  Calculated*:  Ag  29.86. 

Action  of  2*  sulfuric  acid.  0.5  g  acid  and  a  solution  of  2*  HjSO^  with  a  small  addition  of  alcohol  (for  dis¬ 
solving  the  acid)  were  hented  for  2  hours  under  a  reflux  condenser  and  the  solution  was  then  ceam'diatilled.  A 
little  acetone  was  detected  In  the  distillate  with  the  help  of  the  p-fiittophenylhydiazlne  test.  Ether  extraction  In 
a  perforator  of  the  remaining  aqueous  aolinlon  yielded  resin- containing  crystals  which  were  rcciystaliized  from 
aqueous  alcohoL  M.p.  167-168*.  colorless  cryuals.  Yield  0.2  g  or  40*  of  the  weigh*  of  the  origlrial  acid.  A 
second  experiment  was  performed  with  3  g  acid,  and  acetone  was  detected  in  the  form  of  the  2,4-duuicophecyl- 
hydrazone;  yield  of  acid  with  m.p.  16‘'-168‘  1.4  g  or  46*  of  the  original  weight.  The  analytical  data  fo:  the  acid 
and  ill  silver  salt  are  consistent  with  the  formula 
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10.1o  mg  sub.:  24.84  mg  CO^:  7.78  mg  Hp.  0.2058  g  tub.:  8.05  ml  O.IN/  HiOR  R>iad  C  M.T9: 
H  8.68;  equiv.  255.8.  Cilcultted  C  66.12;  H  8.72;  equlv.  264.3.  0.0907  g  tub.:  0.0270  g  Ag. 

Found  Ag  29.77.Cj(HiP4  Ag.  Caknlated  1b:  Ag  29.86. 


ITie  tcid  Is  rodily  soluble  In  alcohol  but  lets  soluble  tlian  the  ctlglnal  acid  In  etbet  inaoloble  in  wiint. 

A  solid  2«4^iniuopheaylhydrazone  is  not  fotmed  even  after  prolonged  standing  of  the  acid  with  the  mngieai. 

Oxidation  of  the  arid  CuH,p^wUh  m.p.  109-110*.  5  g  of  the  acid  was  oxidized  In  alkaline  solution  sridi 
2^  KMnO^ solution  (in  the  cold).  Consumption  of  oxidizing  agent  was  10.5  g  (17Clb  of  that  calculated  Hoi  onn 
double  bond).  After  working  up  in  the  usual  manner,  acetone  was  isolated  from  the  neutral  reaction  peoduesa  (as 
the  n-nittophenylhydiazone),  while  ether  extraction  of  the  acid  products  gave  a  small  amount  of  acetic  acid  and 
3.8  g  of  a  glutinous.  noncrysulUzing  acid  with  a  dark-red  color.  Both  acids  were  converted  into  their  silver  salia 
aixl  the  neutralization  equivalent  of  the  second  acid  was  determined. 

0.2345  gtii>.:  O.l&lOgAg.  Found  1b:  Ag  64.40.  Cpp,Ag.  CalcuJ^.ted  1b:  Ag  64.63.  0.2239.  0.2336  g 
tub.:  0.2465,  0.2573  g  CO^  0.0722.  9.0766  g  Hfi:  0.0970.  0.1010  g  Ag.  Found  1b:  C  30.04.  SO. 05;  H  Ml.  3.67: 
Ag  43.35.  43.23.  Calculated  lb;  C  28.84.  H  a08:  Ag  47.ll.  0.2770  g  sub.:  18.82  ml  0.1  N  NaOH. 

Found:  equiv.  147.2.  C^ip^  Calculated:  eqniv.  122.1. 

Judging  by  the  analytical  data,  the  noocrystalllzing  acid  is  not  pure  but  a  mixture  of  acids.  Anempu  to 
separate  them  by  fractional  precipiution  of  the  silver  salts  were  unsuccessful.  The  piienacyl  ester  was  a  liquid. 

2.  Reaction  of  Ethyl  Diazorcetate  with  Mesityl  Oxide  in  Experiments  11  and  III 

Experimenu  il  and  ni  were  carried  our  by  the  same  procedure  au  Experiment  1.  ejcept  £ot  a  change  in  the 
mean  rate  of  addition  o'  NjCHCCXXIjH}  to  mesiryl  oxide  (expt.  11  —  35  g/ hr.;  expt.  Ill “40  g/ hr.)  and  a  dlffeteot 
molar  ratio  reagents  (1:4  in  exp^eiimenrs  n  and  in  against  1:4.6  in  expt.  1).  Below  are  set  forth  the  analytical 
data  characterizing  the  prmcipal  fxaciicns  obtained  on  fiacticmal  dlstUlatun  of  the  crude  product  of  these  experl- 
menc  ^compare  the  dau  tor  fractions  7  and  S  of  expt.  I.  dtstilling  in  »pptoxi;nateiy  me  same  te.mperatuK  rai^e). 

Expt.  H.  Fraction  with  n*£*  1.4692-J.4730  (535»  of  the  weight  of  all  the  fractiocs). 

0.09S2.  0.1529  g  sub  :  0.24?i.  C.3729  g  COj  0.0617.  C.i26S  g  Hfi.  0.1’?2S.  0.1713  g  rub.;  15.50.  15.65  g 
beivrcne-  At  0.19,  O.IS*".  Found  1b;  C56.73,  66.56;  .H  9.22,  9.25.  M  390,6.  2«.3.  Calculated  1E»; 

C  63.06:  H  9.26:  M  282.3. 

Expt  IlL  fraction  with  n*  1.4Cb;  d^  1.040  (54.^  of  weight  of  sU  fractions). 

0,1204.  0,1267  g  sub.:  0.2873,  0.3018  g  CO,;  0.0S44,  0.0986  g  Hp.  C.32l2.  0.3565  g  sub.;  12.97.  14.21  g 
benzene:  Al  0.45,  0.47*.  found  lb;  C  65.13.  65.00;  H  8.77.  8.70;  M  232.3,  273.8.  CuH,p*  Calculated  5*: 

C  68.06.  H  9.28;  M  262.3. 

80  g  of  this  fraction  was  subjected  to  hyrtiolysU  with  IC^  KOH  in  the  conditions  described  in  expt.  L  From 
the  products  of  this  reaction,  apart  from  a  mixture  of  oily  acids,  were  isolated  glycolic  acid  (0.7  g)  and.  In  con¬ 
trast  to  expt.  1.  a  solid  acid  with  m.p,  63*  (from  ether -ligrolnc)  in  a  weight  of  7.0  g.  Rep>eated  crystallizations 
from  the  same  solvent  gave  m.p.  64«65*. 

0,1267,  0.1083g  sub,:  0.2990,  0.2658  g  CO,;  0,0955.  0.0620  g  Hfi.  0,1339  g  sub.:  6.79  ml  O.IN  NaOR 
0.1064  g  sub.:  11.25ml  CH^ (11.5*,  759  mm).  Found  It;  C  64.40,  64.71;  H  8.43,  8.47;  equiv.  197.2;  OH T86. 
CiiHiP*.  CalcuUted  C  66.11;  H  8.72;  equiv.  254.3.  OH  6.68.  CjHjP,.  Calculated  C  61.51;  H  7.74; 
equlv.  166.2:  OH  10.88. 

The  data  suggest  the  formation  of  a  mixture  of  acids  which  cannot  be  separated  by  crystallization  from 
ether.  Fractionation  was  found  possible  by  treat.Ticnr  of  the  mixture  (6.7  g)  with  a  laigc  amount  of  hot  water: 
the  water -insoluble  portion  (2.5  g)  had  m.p.  106-108*  (from  aqueous  alcohol)  and  was  Identified  by  the  mixed 
test  with  acid  Ci4H,p,  (in.p.  109-110*).  From  the  solution  was  isolated  (by  ether  extraction)  another  acid  with 
m.p.  71-72*,  O.Sg:  after  crystallization  from  ether -ligroinc  the  m.p.  was  72-73* 

0.1262,  0.1249  g  sub  :  0.2853.  0.2835  g  CO,:  0,0871,  0.0886  g  Hp.  0.1072  g  sub.:  16  mlCH4(12.5*, 

751.5  mm).  0.11S7  g  sub.:  7.44  ml  O.IN  NaOH.  Found  1^:  C  61.79.  61.94;  H  7.72.  7.94:  OH  10.82.  eqmv. 
156.8.  CjHyO,.  Calculated  1b:  C  61.51:  H  7.74:  OH  10.88,  equlv.  156.2. 

The  acid  is  poorly  soluble  in  cold  water,  easily  In  alcohol,  less  easily  in  ether;  it  decclorlzes  permanganate 
solution  in  the  cold:  with  an  acetic  acid  solution  of  p-nluophcnylhydiazine  It  gives  a  yellow  solid  with  m.p.  135* 
137*. 
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In  addition  expt.  m  gave  fractions  wlik  apptoximately  the  same  c&'isuiits  as  In  expc.  I:  b.p.  68-76*at  t  mm, 
n%*  1.4490  -1.4530.  They  comptlsed  ICflfc  of  the  whole  weight.  The  middle  one  of  these  fractions  srlth  b.p. 
71.5-73*  at  2  mm:  1.4520  (6.5^  of  the  weight  of  the  whole  distilUte)  was  anslyxed. 

0.1141  g  sd).:  0.2726  g  CO|;  0.0903 g  H^.  0.2647  g  sd).;  13.07  g  benxeae:  ^0.603*1  0.4184  g  sot).: 

11.5  ml  0.2  N  KOI!  (bydiolytlt).  Found  C  66.18:  H  8.86:  M  ^  165.8)  M{,y^^l82.0.  CjiHiPa-  Calcnlated  %i 
C  6519:  H  8.76:  M  184.2. 

QuaUtaUve  leactlom  were  the  same  u  fox  fractions  4  and  5  in  expt.  L  A  fraction  coaespooding  to  glycolic 
ester  was  not  Isolated. 

3.  Reaction  of  Ethyl  Diaaoacetate  with  the  Ethyl  Ester  of  Trans-Crotontc  Acid 

0.5  g  copper  sulfate.  80  g  (0.07  mole)  ethyl  crotonate  with  b.p.  136-138*  and  40  g  (0.35  mole)  pute  ethyl 
diaaoacetate  were  teaaed  as  demtlbed  previously.  At  the  end  of  the  reactioa  63.6  g  crotonic  ester  (6.57  moles) 
was  regenetated  as  compared  with  the  calculated  amotint  (0.35  mole):  b.p.  35-37* at  14  ram.  The  residual  reac¬ 
tion  product  (39  g)  was  distilled  in  a  10  mm  vacuum:  b.p.  95-106*.  1.4410.  Yield  of  crude  fumaxic  eater: 

16.2  g  (53f5t).  Uterature  data  (IS):  b.p.  218.4*:  nj  1.4410;  d^  1.057.  About  20  g  of  nndisrUUble  resins  were 
obtained.  After  ted istlUation  in  vacuum  the  ester  was  characterized  by  lu  contracts  and  by  aiulysis: 

df  1.055:  ng  1.440. 

0.1505  g  sub.;  0.3069  g  CO,;  0.1005  g  H^.  Found  5»:  C  66.54;  H  7,46.  C^HjP^.  Calculated  C  86.68; 

H  7.03.  Calcnlated  dt;  C  63. 10;  H  8.47. 

In  adoiuon  diphenacyl  fumaxate  was  obtained  with  m  p.  196-197*  (from  alcohol),  and  was  identified  by  com- 
paxiaon  with  an  authentic  sample. 

4  Reaction  of  Ethyl  Dlazoaceiate  with  Methyl  Methacrylate 

Dropvisc  addition  was  made  slowly  with  Stirling  to  120  g  methyl  methacrylate  (b.p.  100-101^  at  the  boil 
(with  0.5  g  copper  powder)  of  a  solalon  of  31  g  ethyl  dlazoaceiate  in  a  volume  etpal  to  that  of  the  irethacrylate. 
Kiticgen  vaji  given  ofi.  After  an  hour  polymctizaiior.  had  proceeded  to  a  degree  such  that  the  reaction  product 
did  not  flow  out  of  the  flask. 

A  bla;4k  experiment  (withoo:  eihyl  dfazoacetare)  run  In  the  same  condUrons  showed  much  less  polymerlza- 
liOD  aftet  one  hoic. 

SUMMART 

1.  Intetaction  of  ethyl  diazoaceute  with  esters  of  txacs<rouuiic  and  roeihacrylic  acid  Ln  presence  of  cop¬ 
per  or  copper  sulfate  does  not  lead  to  formation  of  the  corretpoivling  citesi  of  cyclopropane  carboxylic  acids.  In 
the  former  case  the  product  of  reaction  is  fumaric  ester:  in  the  second  case  rapid  polymerization  sets  in  before 
the  corapleiioa  of  the  experiment. 

2.  Imeractlon  of  ethyl  diazoacetate  with  mesityl  oxide  in  preser:ce  of  copper  catalysts  proceeds  in  various 
dbettlons  and  leads  to  iormaiion  of  an  ejoiemely  complex  mixture  of  esers.  The  main  direction  of  this  irxer- 
action  when  there  is  a  large  excess  of  mesityl  oxide  in  the  reaction  is  cocdcusaiion  of  two  molec  ales  of  mesityl 
oxide  with  one  molecule  of  ethyl  diazoaceute.  Secondary  reactions  are  condcntatlan  of  reacunu  in  1:1  molar 
ratio  and  formation  of  ethyl  glycolate. 

3.  The  ester  of  3.3dimcthyl-2-aceiylcyclcprcpane  carboxylic  acid  was  found  only  to  an  imlgnlflcaist  ex- 
teni  among  the  varrous  substance:  formed  in  this  condentatio.n  and  Investigated  in  this  communicatioiL 

4.  The  results  obtained  in  this  communication  have  been  shown  to  fit  in  with  previously  fotmnlated 

(1,  2]  theorotlcal  considerations  about  the  laws  regulating  the  Intetaction  of  ethyl  diazoacetaie  with  olefins  to 
presence  of  copper  catalysts. 
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BORON  7LUOR1DE  AS  A  CATALYST  IN  ORGANIC  CHEMISTRY 


IX.  ALKYLATION  OF  o-  AND  p-CHLOROPHENOLS  WITH  2>PENTENE 
IN  PRESENCE  OF  BORON  FLUORIDE  ETHERATB 

S.  V.  Zavgorodiy  and  E.  M.  Faaatova 

Alkyl  phenols  and  alkyl  phenol  ethers  are  widely  used  at  the  present  tiine  as  antioxidants,  as  «tafttng  mate* 
rials  for  synthesis  of  high-quality  oil-solupie  resins,  phannaceuilcals,  etc..  Alkyl  halophenols  and  alkyl  ethers  of 
halo  phenols  possess  germicidal  and  insecticidal  propestles  and  are  therefore  of  definite  interest. 

The  simplest,  most  convenieit  and  most  accessible  method  of  their  preparation  is  the  alkylation  of  phenols 
and  halophenols  with  olefliu  in  presence  of  various  caulysta. 

We  bnve  studied  the  alkylation  of  o-  and  pchloropbenols  with  2-pei:tene,  obtained  as  a  by-product  in  the 
production  of  synibetic  rubber  by  the  Lebedev  process.  In  presence  of  boron  fluoride  etheiate  as  catalytt. 

Alkylation  was  studied  at  a  temperature  of  16-18* on  a  boiling  water  bath  using  various  ratios  of  reactants 
in  presence  of  of  catalys. 

It  was  estabLshed  that  o-  and  p-chlctophenols  are  aikylaied  by  2-pentene  In  presence  of  boron  flur^de 
etheraie  with  loiroailonof  a  mixture  of  ethereal  and  phenolic  products.  The  quaniitaiive  ratio  between  the 
ethereal  and  phenolic  compounds  depends  on  tlie  temperature,  the  duration  of  leaaion  and  the  ratlins  of  the  main 
components.  As  a  lule,  rise  of  icmperaiure  from  roo.Tt  to  100*  ptomoies  spceriiei  reaction.  For  instance,  on  in¬ 
teraction  of  o  <hk>iopl»enol  with  2-peaienc  in  molar  ratios,  iicarly  identical  yields  of  ethereal  compounds  (36*^) 
axe  obtained  at  room  iemperaiure  in  the  course  of  5  days  and  at  IOC* in  the  course  of  4  liciri.  At  100*  ibedura- 
tlon  of  reaction  has  the  e.^ect  i.hat  uo  to  4  hours  the  yield  of  eiliereai  compounds  rises,  while  subsequently,  up 
to  16  hours  It  decreases  slightly.  At  the  same  time  tlie  yield  of  phenolic  compounis  increases.  These  obrerva* 
lions  once  again  confirm  the  ccnectness  of  the  hypothesis  that  alkylaiio.i  of  phenols  with  olcfms  at  higher  tem¬ 
peratures  proceeds  through  formation  of  alkyl  ethers  and  isomerization  of  these  to  alkyl  phenols.  Hewever,  this 
hypothesis  does  not  exclude  the  possibility  also  of  direct  alkylation  of  the  benzene  ring  of  phenolic  ethers,  es¬ 
pecially  at  relatively  low  rempeiauires. 

EXPERIMENTAL 

Surting  materials.  Ibe  chloiopbenols  needed  for  reaction  were  used  in  the  form  of  ordinary  commercial  pre¬ 
parations.  o-Chloro phenol,  freshly  dutilled  with  b.p.  171-173*  and  1.2480,  pChlorophenol  without  previous 
tecrystallization.  2-Penienc  was  isolated  from  the  still  residues  of  productlotk  of  symhaic  rubber  by  the  S,  V. 
Lebedev  process  [IJ. 

Alkylation  procedure.  Chlorophenols  and  BF,  were  intix>duced  into  a  small  ^lask.  The  mixture  • 

was  cooled  with  snow  and  2*peniene  was  added.  The  homogeneous,  readily  m<^ile,  light -brown  liquid  was  left 
at  room  temperature  for  a  definUe  period  in  the  closed  flask  or  heated  on  the  boiling  water  bath.  It  was  then 
treated  with  aqueous  NaOH  until  the  phenolic  product,  had  completely  separated.  i.e.  until  a  drop  of  the  alkali- 
insoluble  mas*  gave  a  turbidity  with  dilute  hydrochloric  acid.  Thereupon  the  ethereal  compounds  (in  the  form  of 
a  pleasant -smelling  oily  liouid)  were  ser>atated  from  the  aqueous -alkaline  solution  of  phenolic  compounds,  washed 
with  water,  dried  with  ignited  wjdium  sulff-te  or  potassium  carbonate  and  distilled.  Fractions  were  collected  over 
a  wide  temperature  IntervaL  A  small  qaanilty  of  viscous,  black  resin,  readily  soluble  In  ether,  always  lemained 
in  the  distillation  flask. 

The  alkaline  solutions  of  pheiwlic  ptoducu  were  treated  with  dilute  hydmchloric  acid  until  netOxal.  The 
regeneiated  pheriols  were  separated,  washed  with  water,  dried  and  distilled  (like  the  eiheteal  compounds)  over  a 
wide  tempeiatuie  imerval. 

The  experimental  data  for  the  reacrion  with  o-chloro phenol  are  set  forth  in  Table  1,  and  those  fox  p<h]ojD- 
phenol  in  Table  2. 


TABLE  1 

Alkylation  of  o-Chlorophenol  with  2-Peatene  In  Presence  of  K'**  0(C|H^g 


No.  of 

1  Taken  for  reaction 

Molar 

Conditions  of 

Producu  c 

tbtained 

expt. 

o-Chloro- 

ratios  of 

reaction 

Phe 

nolle  ty 

pe 

phenol 
(in  g} 

(ing) 

(in  g) 

(in^) 

phenol 
to  2t>en’ 

tene 

Temp. 

Dura¬ 
tion 
(la  lus) 

in  g 

inV 

b.p. 

in  g 

■ 

1 

12.  ■»3 

6.44 

1.06 

6.2 

1:1 

Room 

1 

5  days 

1 

6.26 

34.30 

Op-126* 

(io  tntn) 

1.42 

7.78 

180-250* 

2 

10.36 

5.70 

1.25 

7.8 

1:1 

95-07* 

2 

4.54 

28.32 

210-296 

3.71 

23114 

200-267 

3 

1 

i 

13.27 

6.55 

0.S5 

4.8 

1:1 

95-97 

4 

6.53 

35.18 

125-240 
(10  mm) 

2.33  j 

12.55 

1&0-255 

^  i 

1 

12.18 

7.70 

1.24 

6.2 

1;1 

95-97 

16 

5.48 

27.56 

120-210 
(10  mm) 

4.13 

20.77 

180-260 

5  ! 

6.43 

6.40 

1.10 

8.6 

1:2 

95-9'* 

4 

5.33 

41.54 

h20-168 

3.20 

24.94 

180-260 

«  1 

13.70 

3.65 

1.25 

7.2 

2:1 

95-97 

4 

2.95 

28.53 

J(13  mm) 

6.15 

59.48 

180-260 

We  see  from  Table  1  that  o<hlorophenol  is  alkylated  by  2-perttene  In  presence  of  BFg*  0(C|Hj)g  at  room 
temperature  with  formation  of  almost  exclusively  ethereal  products  (expt,  1).  Heating  of  reactants  in  1:1  ratios 
on  the  boiling  water  bath  for  up  to  4  hours  raises  the  yield  of  etheeal products  and  lowers  the  relative  yield  of  iJie- 
nollc  compounds  (expts.  2  and  3).  More  prolonged  heating  Is  accompanied  by  the  usual  phenomenon  characteristic 
of  this  type  of  reaction:  the  yield  of  ethereal  compounds  falls  and  that  of  phenoUcs  rises,  since  side  by  side  with 
alkylation  teactioKwe  now  get  the  reaction  of  isometization  of  the  alkyl  phenolic  ethers  to  alkyl  phenols:  the  latter 
process  is  mote  significant  the  more  easily  the  alkyl  phenolic  ethc^rs  uonrxrlze. 

Similar  chrerrations  are  made  In  the  reaction  srith  p>chlorophenol  as  tliowH  li>  Table  2. 

TABLE  2 


Alkylation  ofp-Chloiopberx)!  with  2-femene  in  l^esence  of  EFg'0(C^l|)g 


No.  of  1 

rnmtsimmmm 

Molar 

i  Products  obtained 

expt.  p-Chlcro 

ratios  of 

i  reactions 

1  Ethereal t 

^•pe 

Phenolic  type 

jphsnol 

(in  g) 

(in  g) 

(in 

Chioro- 

iTemp. 

jDura- 

[in  g  iin^»  • 

i  b.p. 

in  g 

in  V  • 

b.p. 

!  (in  g) 

phenol 

tion 

1 

i 

to  2- 

(in  hrt) 

1 

_ 

iSu5!3 

1 

1  j  12.45 

7.80  j 

1.36 

6.8 

1:1 

95-97* 

4 

- f - 

7.50  37.04 

2.30 

11.36 

2  j  12.10 

6.40  ! 

1.30 

7.0 

1:1 

95-97 

8 

5.60  i  31.35 

125-165* 

4.15 

22.43 

121-140* 

3  1  12.30 

3.90  1 

1.45 

8.9 

2:1 

95-97 

4 

5.25  1  47.61 

1 

[(9  mm) 

(9  mm) 

Interaction  of  o<hlcrophenol  with  2-pentene  in  1:2  ratio  for  4  hours  at  the  temperature  of  the  boiling  water 
bath  raises  the  yield  of  both  the  ethereal  and  the  phenolic  products  (expi.  5.  Table  1)  in  comparison  with  the  reac¬ 
tion  of  componenis  in  1:1  ratio.  In  these  conditions  o<hlorophenol  almost  completely  enters  into  reaction  and  the 
let ?1  yield  of  products  of  alkylation  .is  66^.  With  a  2:1  ratio  of  chlorophenoli  to  2-pentcnc  (expc,  6,  Table  1;  expt. 
3,  Table  2)  the  2-peniene  reacts  quantitatively  but  the  phenols  are  recovered  to  a  considerable  extent.  At  the  same 
time  in  the  reaction  with  o-chlorophenol  the  yield  of  ethereal  products  is  much  lower  than  in  the  tame  conditions  in 
the  reaction  with  p-chlorophenol. 

Identification  of  products  of  alkylation.  Sec -amyl  ethers  of  o-  and  p-chlorophenols,  alio  iec-amyl-4ubttituted 
o-  azxi  p-p.»enols  have  not  been  described  In  the  liicrature.  For  this  reason  the  widely  boilir^  fractions  of  ethereal 
and  phenolic  products  were  mixed  and  again  fractionated  liuo  narrower  fractions. 


•In  expt.  1.  3.  and  6  the  yield  was  calculated  on  the  2-rentene;  in  all  other  expeiimcnu  on  the  total  sum  of  com¬ 
ponents. 

•  'Yield  calculated  on  loul  sura  of  coirtx)ner.*i  in  1  and  on  2-pemene  in  experimenu  2  and 
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In  this  way  the  following  compounds  wete  isolated. 

1.  Sec-amyl-c<hlorophenol.  Colotlesi  mobile  liquid  with  a  faint  odoi  <d  ochloropbenol;  b.p.  137>140*at 

11  mm. 

df  1.0621;  n”l.6250;  MRq  §6.24;  calcuUted  66.78. 

10.61  mg  sub.:  25.77  mg  COj;  7.13  mg  Hfi.  9.98  mg  sub.:  24.12  mg  CO|;  6.95  mg  Hp.  0.1918  g  iai>.: 
0.1384  g  AgCl.  Found  C  66.28.  65.96;  H  7.62,  7.73;  Cl  17.85.  CuHjpCl.  Calculated  C  66.47;  H  7.61i 
Cl  17.86. 

2.  Sec -amyl  ether  of  sec -amyl -o-chlorophenoL  Colorleu  liquid  with  a  pleasant  odor;  b.p.  121>124*at  10  mm. 
df  0.9914;  n^  1.5010;  MRq  79.81;  calculated  V9.00. 

11.77  mg  sub.:  30.95  mg  CO|:  9.50  mg  Hp.  8.49  mg  tub.:  22.32  mg  CO|;  6.99  mg  Hp.  0.1392  g  sub.: 
0.0757  g  AgCl,  Found  5>:  C  71.78,  71.74;  H  9.02,  9.23;  Cl  13.45.  CjPiPCL  Calculated  1»;  C  71.46;  H  9.38; 

Cl  13.20. 

3.  Sec-amyl  ether  of  dltec-amyl-o-chlorophenoL  Colorless  liquid  with  a  pleasant  odor;  b.p.  140-144*  at  10  mm. 
df  0.9854;  ng  1.5052;  MRo  102.00;  calculated  102.09. 

11.32  mg  sub.:  30.54  mg  COj;  9.68  mg  Hp.  9.19  mg  sub.:  24.81  mg  CO|;  7.93  mg  Hp.  25.952  mg  sub.: 

0.392  ml  0.02  N  AgNO,.  29.127  mg  sub.:  0.442  ml  0.02  N  AgNO^  Found  C  73.62,  7^68;  H  9.59,  9.66; 

Cl  10.72.  10.78.  CuHjPCL  Calculated  C  74.39;  H  10.42;  Cl  10.47. 

4.  Sec.-amyl-p-chlorophenoL  Colorless  mobile  liqtud.  Crystallized  overnight  m.p.  51*.  b.p.  130-131*  at 
8  mm;  n§  1.5308. 

3.795  mg  sub.:  9.340  mg  CO^:  2.950  mg  Hp.  6.400  mg  sub.:  15.825  ntg  CO^  4.880  mg  Hp.  0.1659  g 

SI*.:  0.1220  g  AgCl.  Found  C  67.17,  67.30;  H  3.69,  8.53;  Cl  18. IS.  CyHiPCL  Calculated  ^9:  C  66.47; 

H  7,61;  Cl  17.86. 

5.  Sec-  amyl  ether  of  o-»fc.-ainyl-p<blor.«phenol.  Liquid  with  plea&act  odor;  b.p.  147-152*  at  10  mm. 

df  0,9895;  i.49'^C;  MKjj  79.47;  calculated  79.00. 

4.555  .mg  su;>.:  12.065  mg  CO,;  3.  775  mg  Hp  5.125  mg  substance:  .13,555  mg  CO,;  4.230  mg  Hp. 

C.lSr':.  c  rul  stance:  0.07S4  g  AgCl.  Fourel  7®:  C  72.40.  72.23;  H  9,27,  9.2G;  Cl  12.55.  C„HtfOCL  Calculated 
C  71.46;  H  9.38;  Cl  13.20 

In  addition  id  the  compounds  described,  the  reaction  with  o<hlorophenol  also  gave  a  product  with  b.p.  165- 
166*  at  10  mm  (df  0.9334;  Hp  1.5012),  whose  chlowne  content  was  5.1^  (Carius).  It  was  a  fauly  viscous,  yellow 
liquid  with  a  pleasant  odor.  lu  composuion  was  not  established. 

Consequently,  with  the  help  of  boron  fluoride  etheratc  in  the  above -described  conditions  it  is  possible  to 
introduce  two  alkyl  groups  into  the  benzene  nog,  alieady  containing  one  substituent  atom  in  the  o-or  p-position. 

It  U  a  striking  fact  that  the  phenolic  products  isolated  included  only  one  sec-amyl-o-chloiophenol  and  one  sec-amyl- 
p-chlorophenol.  The  sec-amyi  ethers  of  chlorophenols  were  net  isolated  in  sufficient  quantity  for  identificatloo. 

SUMMARY 

A  study  was  made  of  the  alkylation  of  o-and  p-chlorophenols  with  2-pentene,  a  by-prcduct  of  the  production 
of  synthetic  lubber  by  the  Lebedev  psocess.  In  picscnceof  boron  fluoride  eiherate. 

The  following  were  prepared  and  characterized;  sec -amyl-o-chlorophenol;  scc.-aray!  ether  of  sec-amyl-o- 
chloropbenol;  sec-amyl  ether  of  dlscc-amyl-o-chloiopheaol:  sec-amyl -p-chlorophenol;  and 
sec -amyl  ether  of  o-sec-amyl-p-chloropl»enol. 
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COMPOUNDS  CONTAINING  A  THREE-MEM8ERE1)  0X101  RING 

Vn.  REACTION  OF  6,  fl-DlMETHYLGLYCIDAIAIDE  WITH  CTCIO- 
HEXYL'.  DICYCLOHEXYL- AND  BENXYLAMINES 


V.  F.  MaityBOY 


In  ptevlois  communications  devoted  to  the  teactlon  of  addition  of  aromatic  amines  to  gl^ldic  acids  of  the 
formula  (I)  where  R  and  R'  ate  aliphatic  radicals,  we  esubllshed  that  in  this  case  the  ruprure  of  the  oxide  ring 

of  the  glycidlc  acid  takes  place  on  the  side  of  the  tertiary  carbon  atom.  The  com- 
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C-CH-COOC,H» 

R^\/ 

O  (I) 


pounds  resulting  from  this  are  a  ~hydioxy~&a'ylamIaa- derivatives  of  the  tor^espond- 
ing  fany  acids.  We  arrived  at  this  conclusion  because  these  compoattds  lose  carbon 
monoxide  when  treated  with  s>mng  sulfuric  arid,  this  being  a  well-known  p'openy 
of  a  -hydroxy  acids.  The  second  component  of  such  a  decomposition  u  bound  to  be  the  coriesponding  a  -ammo- 
aldehydes;  however,  we  never  obtained  the  latter,  their  place  bemg  taken  in  every  case  by  the  coriesponding  in¬ 
dole  homologs.  the  condaicns  of  this  reaction  the  a-«mixx>aldcbyde:k  which  must  have  been  mimed  would 
evidently  undergo  further  transformations  leading  ulumately  to  an  indole  structure.  A  scheme  for  this  ttansfoima- 
»ioa  was  submined  in  the  preceding  fmmraunlcailor;  [1].  In  a  certain  sense,  however,  this  scheme  was  bypotbeti- 
c  a\  in  fhal  we  did  rujt  isolate  a  single  one  o‘  the  iiut-rmedute  produce  that  *>e  proposed,  Oi  course,  we  can  here 
only  speak  of  the  sepa^atioa  of  an  aminoaldehyde,  io;  the  lemaming  intennediaie  compooods  cannot  be  stable  in 
presence  of  hoc,  arong  sulfuric  acid. 

Wc  resolved  to  demonstrate  the  validity  of  ihis  scheme,  i,e.  to  isolate  the  aminoaldehyde  formed  in  this 
•car  tion.  fOr  this  pa’pese  it  war  neces.^ary  "o  exclude  ihe  possibility  of  iecondary  tiacstormatioiu  of  the  akie- 
nyde  g'oup.  Tlus  could  be  done  by  —placing  the  iromailc  amine  b>  some  aliphauc  amine.  As  the  latter  we  se¬ 
lected  cycloheyylamlne  because  a  satui.ed  liicse  tqaircmei.is  and,  mcreover.  in  sue  of  molecule  a  wasclosesr 
to  an.llne,  which  oti'i'ed  us  »he  po*s;bJuy  oi  approaching  mois  closely  to  the  urucium  of  the  tnvcvtigaied  t  om- 
pounds.  Another  advantage  of  this  choree  was  iha;  the  am'noaldehyde  which  «e  might  obtain  in  this  case  would 
inevitably  be  poorly  soluble  in  water  sc  tl>at  its  isolatioa  would  be  great ly  facilitated. 

Reaction  of  fl.B-diniethylglycidamide  with  eye  lobe  xylamlae  was  effected  by  heating  equimolec  ular  amounts 
o^  tliese  components  in  solution  in  absolute  alcohol  at  120-130*.  Ifce  leacrioa  gave  a  crysrallme  compound  whose 
analysis  identified  u  as  the  amide  o*  hydmxycyclohexylamiao-isovalciic  acid. 

By  analogy  with  compounds  that  we  had  previously  studied,  the  structure  of  this  compound  must  be  repre¬ 
sented  by  formula  (II).  Treat.ment  wirh  strong  suJfutic  acid  act  i-.ally  re¬ 
sulted  :n  evolution  o*^  carbon  monoxide  which  confunr.ed  our  proposed  CHj. 

stiurture.  However,  this  decomposition  t(»k  place  at  a  much  higher 
temperatuie  than  we  had  observed  for  live  c^inesponding  compounds  con- 
Talixing  the  residue  of  an  aromaiir  amtnc.  Whereas,  for  example,  the 
ethyl  ester  of  a  -hydroxy-c-fp-toluidlnol-iiovaleiic  acid  started  to  gi’^c  o?  carbon  nxinoxide  at  110*  £1],  the  com¬ 
pound  here  described  only  gave  o^f  carbon  monoxide  at  170-180*. 

Rue  of  basicity  of  the  amine  leads  to  strengthening  of  the  bond  between  the  carboxyl  and  the  a<aibon  atoms, 
in  thu  connection  It  is  Intereaing  to  compare  ihe  decomposition  of  teri-burylglycolic  acid  wuh  sulfuric  acid.  The 
structure  thu  compound  1$  very  similar  to  that  of  ilte  hydtoxyamino  acids  now  under  consideratiotubur  differs  in 
that  in  place  of  an  amino  gro-P  there  is  a  methyl  ladical  and  the  latter,  as  we  know,  has  an  electronic  sluii  oppo¬ 
site  U)  that  of  the  amtixonlum  lonV  We  might,  thus,  expect  len-butylglycollc  acid  to  be  decomposed  by  sulficic 
ac)jd  in  milder  coixluioas.  mdeed,  it  does  decompot-:  when  beared  to  only  50*  [2J 

ConrequentJy,  the  stabLJuy  of  c-hydroxy  acids  may  be  ca'relaied  wuh  the  inductive  effea  of  the  group  in  the 
3 -position.  The  more  pronounced  the  Iwrffeci  of  these  groups,  the  more  stable  will  be  the  • -hydroxy  acid,  m  .’es- 
pect  of  their  stability,  the  compounds  in  question  may  be  arranged  in  the  fcUowing  oidet: 


X-CHOH-CONH, 


*He!e  we  must  remember  that  the  amino  group  does  not  function  here  in  its  free  state,  but  in  ihe  form  of  the  am- 
rrotuum  ion,sirx:e  the  reaction  takes  place  in  a  medium  O'l  suL^uric  acid. 
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CH,  CH,  CH, 

'  C-CHOH-COOHC  '^C-CHOH-COOH  <  ^C-CHOH-COOH 

NH^r  NHAlk 

The  second  fragment  of  molecule  obtained  on  decomposition  by  sulfuric  acid  of  the  amide  of  e-toydioxy^- 
hexylamloo-isovaleric  acid  was  a  liquid  with  a  pronounced  aliphatic  amine  odo*.  This  compound  gave  a  ri!yo» 
mirror  and  a  crysalUne  derivative  with  2,4-<llnliropbcoylhydrazoae.  The  analytical  data  showed  that  we  had  In¬ 
deed  obtained  e  <yclohexylamino-lJObutyraldehyde  (IID.  Thus  our  proposed  Kheme  obtained  one  mote  proof  of  Its 
validity. 

Reaction  of  B.B-diraethylglycldaraide  with  dicyclohexylamlne  was  effected  by  a  methet  sL-nllar  to  that  al¬ 
ready  described.  We  obtained  a  crystalline  comiwund  to  which,  by  aiulogy  wuh  the  one  described  above,  we  at- 
tribtaed  the  formula  of  a  -hydroxy-B'^licyclohexylamlno-iiovaletamlde  (IV).  lirder  the  actioi*  of  strong  sulfuric 
acid  this  compound  likewise  urtderwent  decomposition,  but  the  reaction  proceeded  at  the  very  limit  of  decomposi¬ 
tion  of  compounds  with  hydrochloric  acid  (above  180^  and  therefore  a  very  small  amouiu  of  the  corresponding  alde< 
hyde  could  be  isolated  and  the  only  evidence  we  obtained  of  its  aldehydic  character  wa*  the  silver  mliioc. 

^”*''C-CHOH-CONH,  ^”*'C-CHOH-CONHg 

/\  /I  /! 

CH,  NHC^u  CH,  N(C,Hu),  CH,  NH-CH,-C^ 

(in)  (IV)  (V) 

The  product  of  addition  of  benzylamine  to  B.B-diireihyJglycidamide  that  we  obtained  under  the  action  of 
strong  sul^iclc  acid  underwent  deccinpo&icion  at  170-180*  with  loss  of  catbcc  monoxule.  This  behavlot  coupled 
with  the  analytical  data  enabled  us  to  ascribe  it  the  formula  of  a-bydroxy-B-benzylamino-isovaleranide  (V). 

In  this  case,  however,  no  compound  could  be  isclated,  apan  from  CO.  by  the  action  of  concentrated  sulfuric  acid: 
when  the  •olutlon  was  made  alkaline,  no  emulsion  of  basic  compound  was  formed,  although  here  wc  might  have 
expected  the  formauon  of  a  dunethylated  dihydroisoquinoline 


CH, 


CH- 


C-CHOK-CONH, 

j 

NH-CK,-C^, 


CH, 

I 

CH,-C  — 

/ 

HN 

\ 


H 

I 

-c=o 

H-  -j 


CH,^ 

CH, 


fC-C 


H 


CHy-v 


NH-CH,-C,H, 
CH, 


CH-. 


This  might  be  explaint.d  either  by  complete  decomposition  of  the  for.j^  substance  (which  is  highly  improbable 
since  the  corresponding  amlnoaidchyde  had  b^en  isolated  when  c  •hydroxy-fl-hexylamlno-lsovsleiamlde  was  decom¬ 
posed  in  the  same  conditions)  cr,  what  Is  more  probable,  by  suHonatlon  of  the  dimeihyldlhydroisoqulnoline  which 
might  have  been  formed.  Sulfonation  could  easily  have  proceeded  at  the  given  temperature  of  decomposition,  and 
sulfonic  acids  at  a  rule  dissolve  readily  in  water  at  any  pH,  thus  accountirig  for  our  failure  to  isolate  any  compound 
after  making  the  solution  alkaline. 

We  then  prepared  the  free  acid  from  a -hydxoxy-fi-bcnzylamino-isovaleramide.  The  amins  group  wca  removed 
with  barium  hydroxide.  Benzylamine  was  also  reacted  wlih  the  ethyl  ester  of  6.6-dimeihylglycidic  acid  and  gave 
a  compound  to  wh.ch,  by  anaiOgy  with  those  described  above,  was  ascribed  the  formula  of  the  benzylamlde  of 
a-hydioxy-£-ben2ylamlno4.sovalcric  acid  (VQ. 
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EXPEHIMcNTAL 


Prep«r«tioo  cf  g -Hydroxy-Bcyelohcxylamlno-Uofleiamlde 

5  g  B.B^llnscthylglycid amide  and  ^3  g  cyclohexylamine  were  dlaiolved  la  30  ml  «bto1uTe  ethyl  alcotel  and 
sealed  into  an  ampoule  which  was  heated  foi  6  hours  at  12G*  Crynals  scpaiated  on  cooling  and  utei  ciystalUnn* 
tJon  fiom  30-40^  alcohol  melted  at  164-lfi5*.  Yield  i  g  (54^. 

0.1028  g  sub.;  12  ml  N|(22*.  760.8  mm).  0.0990  g  iub.:  11.4  ml  N,(22*,  780.8  mm)  Foundl^;  N  13.15, 
ia03.  CuHtPsNt.  Calculated  1b:  N  13.08. 

Preparation  of  e -Cyc lohe xylamlne -liobutyialaydehYde 

5  g  e‘hydioxy>e-cyclohexylamlno-tsovaleiamlde  was  placed  in  20  ml  strong  sulfuric  acid.  The  mlxtve  was 
heated  with  frequent  sliaking  over  a  bare  flame  (thermometer  in  liquid).  At  160*  gas  bubbles  (catbon  monoxide) 
started  to  come  off  and  the  liquid  darkened.  At  18&*  copious  gas  evolution  started  and  the  odor  of  tulfnr  dioxide 
was  pronounced.  Heating  was  concluded  without  waiting  for  complete  cessation  of  gas  evolution.  The  hot,  dark 
liquid  was  poured  onto  ice,  the  solution  then  beiitg  only  weakly  colored.  On  oeutralizing  with  sodium  carbonate 
and,  toward  the  end,  wlih  KOH  solution,  an  emulsion  was  formed  which  was  distilled  wub  steam.  The  compound 
was  extracted  from  the  water  with  ether.  The  ethereal  extract  was  dried,  the  ether  driven  off  and  the  residue 
distilled  in  vacuum.  Yield  1.6  g  (4l‘^)  of  light  •yellow  liquid  with  b.p.  84-S7*at  4  mm.  The  substar.'-e  had  a  de¬ 
finite  faity  amine  odor  and  gave  a  silver  miner. 

n“i5  1.4677;  d^*  0.9385;  MRq  50.02.  Calculated:  MRjj  49.79. 

With  2.4<dlAiuoi^enylhydrazine  a  isecipuate  was  obuined  which  coculned  a  sulfutic  acid  residue  linked 
like  a  salt  with  the  amino  group  o:  the  aldehyde.  Due  to  this  snuct>ve.  the  dinittophenylhydtazone  was  fairly 
highly  solii)le  Is  aqueous  elcoboi. 

The  sulfuric  acid  residue  was  removed  by  ilstclvlng  the  2.4'lin:tropher.ylhyarazone  of  the  amicoaldehyde  in 
aqueous  alcohoi  at>d  adding  to  the  sclismn  an  aqueous  solution  of  sodium  acetate.  A  copious  precipiute  of  hydra- 
zone  a:  occe  came  down.  M.  p.  153-154*. 

0.06S1  g  sut>.:  11.2  ml  Kj  (22*  761.5  rrjn).  C.0“90g?ub.:  14.1  ml  Nj  (22*,  7$i.5  xam).  Found^*;  N  20.25, 
20.36.  Calculated  1b:  N  20.06. 

The  aldehyde  ctysullized  after  standing  io:  a  few  days:  apparently  a  ulmei  was  obtained:  m.p.  114-11^*  after 
recrystallization  from  ligivuie. 

Preparation  of  g -Hyd  ro  <y -6 -d  ic  yc  loh  e  xy  1  am  1  no -1  so  va  leia  m  Ide  (with  E.  S.  V  ar  sha  v  ska  y  a) 

9  g  •dlmeihylglyeida.'nide  was  dissolved  in  20  icJ  absolute  ethyl  alcohol  and  the  solution  mixed  with  16  g 
dicyclohexylamine.  The  miAtuic  was  sealed  into  an  ampoule  and  heated  for  6  hO'.xs  at  120*.  A  dark,  viscous  liqnld 
was  obtained  which  crystallised  after  a  few  days.  Yield  10  g  crude  product  oi  4^  of  the  theoretical.  After  re¬ 
peated  recrystalliaation  from  aqueous  alcohol  the  m.p,  was  113.5-114*. 

0.1037  g  sub.:  8 't  ml  N,(17*,  760.2  mm).  0.1054g  wi.:  8.5  ml  N,(17*,  760.2  rnm).  Found  N  9.68, 

9.42,  Ci7H*P,N,.  Calculated  1b;  N  9.6. 

Decomposition  of  a -hydroxy-6  ■dlcyclohexylammodiovaleramlde  luider  the  action  of  strong  sulfuric  acid.  2  g  of 
the  amide  was  placed  in  10  ml  aropg  sulfuric  acid.  The  amide  went  Into  solution  on  heating.  At  180*gas  began  to 
come  off  with  a  arong  odor  of  sulfur  dioxide.  The  solution  darkened  cojisiderably.  Withcai  waiting  for  cessation  of 
gas  evolution,  the  mixture  was  poured  onto  ice.  After  neutralizaucn.  the  dark  solution  was  distilled  with  aeam  and 
In  the  diajllatc  collected  a  few  drops  of  subaance  with  the  disiinci  odor  of  an  aliphatic  amine  and  which  gave  a 
good  silver  minor. 

Intetaction  of  8 .8 -Dimethylglycldamide  with  benzylamine  (with  Z.  M.  Gofung) 

10  g  of  the  amide  in  30  ml  absolute  ethyl  alcohol  was  heated  with  9  g  benzylamine  In  a  scaled  lube  at  130* 
for  9  hours.  Crystals  ot  the  amide  of  a  -hydroxy-6  -benzylamino-isovalcxic  acid  separated  on  cooling.  Yield  10  g 
(52^).  After  lectystalllzation  from  water  the  m-p.  was  90-91*. 

0.1062  g  sub. :  12  ml  N,  (18*.  745  mm).  0.1005  g  sub.:  11.3  ml  N,  (18*,  744  mm).  0.0216  g  sub.:  0.1141  g 
camphor:  At  36*.  0.0112  g  sub.:  0.1637  g  camphor:  At  13*.  Found  N  12.82,  12.73;  M  211.3,  210.7.  Cj^iHgPsNf. 
Calculated  1b:  N  12.61:  M  222.0. 


Preparation  of  g -Hydro] 

1.5  g  amide  of  «-hydioxy'6-ben*ylaml«)-lacvalenc  acid  wv  heated  in  a  »and  boitomed  flask  under  a  re¬ 
flux  condenser  wtoh  2.6  g  barium  hydroxide  In  25  ml  water  for  8  hours.  The  barium  was  precipitated  %rUh  sidfwk 
acid  removed  wi±  barium  carbonate.  The  precipiute  of  barium  sulfate  was  filtered  off  and  the  filtrate  evapo¬ 
rated  in  vacuum  to  a  small  volume.  A  fine  crysulllne  mau  appeared  after  standing  for  2  days  in  a  vacuum  desic¬ 
cator  and  had  m.p.  70-71* after  recrysuilixatlon  from  water,  field  0.25  g  or  16.8^  of  the  theoretical  yield. 

0.0935  g  substance:  5.2  ml  N|(22*.  764  mm).  0.0867  g  ttd>sunce:  4.8  ml  Na(22*«  764  mm).  Fonnd 
N  6.37.  6.33.  CalcuUtedlb:  Nt.2T. 

Intersctlon  of  Ethyl  6 ,6 -Dlmethylglycldate  with  Benaylamine 

10  g  ethyl  6.B*dlmethylglycidate  was  heated  in  a  sealed  tube  with  15  g  benzylamine  and  25  ml  ethyl  alcohol 
to  150-160*  for  9  hoias.  After  this  period  the  ethyl  alcohol  was  removed  In  vacuum,  leaving  in  the  flask  a  light- 
brown  resinous  mau  which  did  not  crynalUxe  after  standing  for  two  days.  A  portion  of  this  mass  was  treated  with 
steam  and  then  dried  in  a  vacuum^desiccatoi.  In  this  manner  crysuls  of  the  beszylarrtide  of  a-hydxoxy6*benxyl- 
amino  ISO  valeric  acid  were  formed  and  nad  m.p.  S8<69*  after  three  recrysulllzatroas  from  ligsolne. 

0.0851  g  subtunce:  6.9  ml  N|f22*.  749  nun).  0.0697  g  substance:  5.5  ml  N|  (22*.  766  mm).  0.0685  g  sub¬ 
stance:  15.16  g  benzene:  At  0.08*.  O.OSSO'g  substance;  17.]  g  benzene:  At  0.09*.  Found  N  9.09,  9.05; 
M  290.4.  285.0.  Calculated  Ifc;  N  8.97;  M  312.0. 

Hydrochloride  of  the  Benzylamlde  of  a -Hydtoxy-6 -Bcnzylamino -Isovaleric  Acid 

This  was  prepared  from  the  second  portion  oi  tesmous  mass  left  In  the  flask  (see  above)  by  the  action  of  con¬ 
centrated  bydmcbloric  acid.  The  salt  sias  twice  tecry^tallized  from  ethyl  alcohol:  m.p.  228* 

C.4400  g  substance:  24.7  ml  0.1  N  H|SO^.  0.4735  g  lubsunce:  25,4  ml  0.1  NH^SO^Found  N  7.72,  7.85. 
Cakulatodl*:  N  8.05. 

SUMMARY 

1.  The  reaction  of  B.B  •dimethylgiyfidamide  with  cyclohexyi-a,  dicyciobexyl-6  and  benzylamittes  was  mvesti 
c-’ted.  The  following  corupeu-'ids  which  i^ave  not  beer,  described  in  the  liie'ature  were  obtained:  a -Hydrory-B*cy- 
c  lohe xylammct-ssovaieramide:  a  -hydmxy-B  -die  jrlohexylaminc'lrovalerajTjIdc;  a  *bydmxy ■B'benzylamino'isovaler- 
a.'niae;  the  beiuylcmide  of  a -hydmxy-fi -benzylamlno-isovaleric  acid:  e 'hydroxy-B-benzylamlno-fsovalcilc  acid: 
a  <  yc  ioherylamiiio-isobutyraldehyde. 

possibility  of  Tiaiuiiion  iroiri  glyt  idle  acid.*  to  a  *amlnoaldehydes  was  exemplified  by  the -preparation  of 
a<yciohcxylamlriOSJobuiyiaidchyde  from  B.B -diroethylglycldamide. 
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COMPOUNDS  CONTAINING  A  THREE-MEMBCRED  OXIDE  RING 


Via  REACTION  OF  ETHYL  c.e-TETRAMETHYLENEGLYCIDATE  WITH  ANILINE 


V.  F.  Mtrtynov 


Wc  have  iuvestigated  the  addition  of  aromatic  amines  to  glycidic  acids  with  teteience  to  the  ethyl  esten  of 
6,6-dunethyl  and  6-meihyl-B-ethylglycidic  acids  fl, 

Rupture  of  the  oxide  ring  of  these  glycidic  acids  under  the  action  of  aromatic  amines  took  place  always  at  the 
same  point,  namely  from  the  side  of  tlie  tertiary  carbon  atom:  however,  the  speed  of  addition  of  aromatic  amines, 
changes  abruptly  on  passing  from  6, fi -dimethyl -to  0 -methyl-6 -ethyiglycidic  acid. 

Whereas  heating  for  3  hours  was  sufficient  for  ethyl  ^.d-dimethylglycidate  with  aromatic  amines  of  the  type 
of  aniline  or  p-ioluidine  in  order  to  obtain  a  vatisfactory  yield  [1],  for  ethy  1-6 -methyl-6 -^thyiglycidaie  (0  the 
same  yield  could  only  trc  obtained  under  oihc^rise  identical  coridiiions  after  heating  for  40  Ixiun  [21 

This  illustrated  the  great  steric  hirdrance  due  to  the  introduction  of  another  methyl  group  into  the  compound. 
Due  to  the  free  rotation  alor*g  the  axis  of  the  caibor.< arbor,  bond,  the  methyl  group  of  the  ethyl  radical  is  sus¬ 
pended.  as  it  were,  over  the  oxide  ring  and  thereby  hinders  the  appfoach  of  reactants  tc  the  ring.  In  thu  connection 
It  was  irreresting  to  investigate  the  addition  of  ammatic  amines  to  those  giycid’C  acids  in  which  substituents  in  the 
5  -position  were  linked  to  the  ring  and  were  riiemhy  eubet  deprived 
completely  of  tne  ability  to  cha.nge  their  position  m  space  or  only  /  * 

possessed  very  limited  mobility.  Special  interest  is  attached  in  this  H/^ 
respect  to  6,S-tetramethyienegIycidic  aCid  (Uj  in  which,  due  to  the  *  "11  COOCJU 

planar  structure  of  the  five-membered  ring,  substituents  at  :he  terti-  /  \  ^ 

ary  carbon  atom  are  at  the  maximum  distance  from  the  oxide  ring.  It  CHj 
might  therefore  be  expected  that  the  addition  of  aromatic  amioes  (0 

would  proceed  much  more  intensively  than  In  the  case  of  6,6 -di¬ 
methyl- and  B-methyl-S-ethylglycidic  acids  notwithstanding  that  in  the  latter  the  volume  of  substituenu  lathe 
6 -position  is  smaller  than  it  6,6tetra.'nethyleneglycidic  acid. 

We  carried  out  an  investigation  with  ethyl  £3cttamcihy3cneglycidate  which  we  prepared  by  condensation  of 
cyclopentarmne  with  ethyl  chloioacetate  in  toluene  solution  in  presence  of  metallic  -sodium.  This  method  requires 
less  time  and  gives  a  higher  yield  than  the  condensation  with  sodium  ethylate  [3],  We  perfoimed  the  interaction 

with  an  aromatic  amine  (aniline)  by  the  usual  method  of  heating  the  glycl- 
—  * — V*  die  ester  with  three  times  the  amount  of  aniline  in  a  scaled  tube  at  170-180*. 

i  — CH-COCXTiHj  It  was  fourxl  that  in  this  case  the  addition  of  aniline  takes  place  more  enei- 

getlcaliy  than  with  either  of  the  two  e«crs  of  glycidic  acid  mentioned  above. 

*  •  (II)  Heating  for  8  hours  led  to  nearly  quantitative  yield  of  addition  product.  Thus, 

the  above -mentioned  considetaiions  ate  actually  relevant. 


'C — (pH-COOC,H, 
CH,'^  6 

(0 


CHt  CH, 


!  >C — CH-COCX:,H, 

L - /  \  / 

CH,  CH,  O 

*  •  (II) 


Concernir^  the  point  of  rupture  of  the  oxide  ring  of  glycidic  acid  under  the  action  of  aniline,  we  established 
it  by  our  previously  applied  mcthiod  [1,  21  Treatment  of  the  addition  pnxJuct  with  conccnuatcd  sulfuric  acid  with 
heating  resulted,  even  at  110*  in  co.-nmenccmcnt  of  vigorous  evolution  of  gas  bubbles  (carbon  monoxide);  no 
tesiniflcation  whatever  was  observed,  and  the  solution  acquired  faint  yellow  color.  This  behavior  permitted  us  to 
claim  with  a  high  degree  of  probability  that  we  wue  dealing  with  the  ethyl  esiei  of  fl -hydroxy-f  ■ftnillno-6.64etta- 
methylene propionic  acid  (Ill),  since  only  c-hydroxy  acids  split  off  carbon  monoxide  under  the  action  of  sulfuric 
acid. 
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Fot  conclusive  pioof  It  ««oiild  have  beea  necessary  to  Isolate  the  second 
[■“"X  fnRment  of  the  molecule  which  mus»  consist  of  anilinoHetramethyleneacet* 

.1  -CHOH -COOC^  aldehyde  (IV).  As  we  showed  In  previous  communications,  however  Jl.  21 

' - '  I  these  arylamino  aldehydes  arc  unstable  In  a 

medium  of  concentrated  solfuric  acid  and  i - v 

undergo  further  transformaticns  to  give  the  I 

corresponding  Indole  hcmologs.  In  the  presem  case  the  amino  aldehyde  (IV)  ^  |  H 

should  be  converted  into  tetrahydrocarbaxole  whose  formaium  may  be  repiesemed  NHC^Hs  (IV) 

by  the  scheme: 


Dl-'^ 


Df- 


CHOH-COOCjH* — >-00  4 


Qr< 


NHC^ 


NHCflH* 


We  ulxalned  a  quantitative  yield  of  a  ctyaalline  substance  whose  melting  point  was  actually  that  of  leuahydro- 
carbazole.  h  gave  a  piexate  melting  at  the  same  temperature  as  tetrahydrocarbazole  picrate.  For  conclusive 
proof  of  its  structure  we  synthesized  teiiahydrscarbjLtole  by  E.  Fuchex's  method  [4].  Mixed  melting  tests  of  the 
rvo  compounds  as  well  a^  of  their  piciates  did  not  give  a  depcessicn.  Co-isaequcntly,  we  have  definiteiv  established 
hcih  the  structure  of  the  pcodaci  oi  additlor  of  ziuliac  to  ethyl  fi.g^etramethylcDCglycjdaJe  and  the  mecf;anlsixi 
of  tracsfoiniation  of  acilino-teuameiiiyleneaceuldehyde.  A  tetroplnacollr-  learrangemect  had  here  taken  place 
with  lutg  expan' ‘on. 


EXPERIMENTAL 


Synthesii  of  Ethyl  Tetrameihy lenegiycldatc 

This  symhesu  was  not  periormed  by  the  literature  procedure  [3J  A  mixture  of  73  g  cyclopcntanone  and  120 
g  ethyl  monochloroacetate  was  added  with  intensive  stirring  to  20  g  fuiely  powdered  sodium  In  toluene.  In  oidet  to 
initiate  the  reaction  the  addition  of  the  mixture  to  the  sodium  vas  carriei  out  at  the  oidinary  temperature,  bta  as 
soon  as  a  temperature  rise  was  observed  the  flask  was  immersed  in  ice  aixl  salt  and  the  addition  of  the  mixture  of 
cyclopcntanone  and  ethyl  monochloroacetate  was  continued  at  such  a  rate  that  the  temperature  of  the  reaction  mix¬ 
ture  did  not  rise  above  ♦S*. 

At  the  end  of  the  reaction  the  coiuents  of  the  flask  had  changed  into  a  dark,  gelatinous  mass.  On  the  follow¬ 
ing  day,  the  reaction  mass  was  decomposed  with  water,  when  the  dark  color  dfuppeared. 

The  toluene  exuaci  was  dried  with  sodium  sulfate.  The  reaction  prodoci  distilled  at  113-114*  at  13  mm. 

Yield  71  g  The  literature  method  gave  4l1k  (3], 

Reaction  of  Ethyl  Te  t  r  a  met  hy  1  e  ne  g  lye  Ida  t  e  with  Anllitte 


A  mixture  of  20  g  ethyl  tetramcthyleneglycidate  and  30  g  aniline  (three  times  the  amount  of  aniline)  sras 
sealed  into  a  glass  ampo'ilc  and  heated  for  8  hours  at  170-160*  At  the  conclusion  of  heating  the  ampoule  was  left 
overnight;  the  contents  cry’stallized.  The  crystals  were  pressed  and  lecrystallized  4  times  from  ligioine  to  give  20  g 
white,  siiky  needles  (C^).  Allowing  for  the  unavoidable  losses  during  4  crystallizations,  we  may  estimate  the  yield 
at  BO-eerjs.  M  p.  117-118*. 


0.1350  g  siAstance:  6.5  ml  N,  (20*,  759.5  mm).  0.1685  g  substance;  7.7  ml  N,  (20*,  756  mm).  Found 
N  5.53.  5.23.  C»HuO,N.  Calculated  5>:  N  6.32. 
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To  5  g  subsance  was  added  40  ml  concentiated  luliisic  acid.  Ou  heating,  tubstaoces  inutuaUj  dlaaolved. 
At  lTO-120*  Intensive  evolution  of  eaibon  monoxide  was  observed  and  the  mixtiue  acqulied  a  faint  yellow  color. 

After  gas  bubbles  had  ceased  to  come  cff  at  the  Indicated  temperature  zaLge,  the  reaction  mixture  was  poined 
onto  ice;  white  crystals  of  tetrahydrocazbazole  came  down  and  w?re  drained  and  washed  with  water:  quantitative 
yield.  M.p.  113-114*  after  tecrystallizatlon  from  aqueous  alcohol. 

C.0976  g  subsunce:  6.9  ml  N|  (18*  759  mm).  Fcund  1b:  N  8.1.  CjiHaK.  Calculated  1b:  N  8.2. 

dttfn  authors  give  m.p.  110  to  120*  [4.  S].  Authentic  tetrahydrocarbazole  which  we  synthesized  by  Fischer's 
method  also  melted  at  113-114*. 

The  plcrate  obtained  from  both  tetrahydrocatbazoles  melted  at  144-145*.  In  both  cates  the  mixed  melting 
test  did  not  give  a  depression. 


SUMMARY 

1.  The  reaction  between  ethyl  tetiamethyleneglycidate  and  aniline  was  investigated.  It  was  established  that 
the  oxide  ring  of  this  ester  u  ruptured  at  the  side  containing  the  tertiary  A<:arbon  atottu 

2.  A  new  tnerhod  of  synthesis  of  tetrahydrocarbazole  was  developed. 
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CONFIGURATION  AND  PROPERTIES 
OF  UNSATURATED  ACIDS  AND  THEIR  DERIVATIVES 
THE  REACTIVrry  OF  ESTERS  OF  OLEIC  AND  ELAIDIC  AQDS 

£.  G.  Maleeva 


In  a  jiudy  of  the  teacUvit/  of  oleic  and  elaidic  acids  [1]  U  was  found  that  the  differing  reactlvilies  of  these 
tterolsomers  is  consistent  with  the  theory  cf  s*.etic  hindiaace  and  confltms  the  theory  that  oleic  and  elaidic  acids 
are  respective!/  els-  and  uans-iomert.  !i  was  also  esublished  that  the  methyl  esters  of  oleic  and  elaidic  acids  ate 
saponified  (by  alkali),  hydrogenated  and  oxidized  at  diffeieiu  veloclixi.  ll  was  Important  to  verify  this  observa¬ 
tion  for  other  denvatives  o^  oleic  and  elaidic  acids,  h  was  also  necessary  to  eaablish  whether  and  to  what  extent 
the  composition  and  struriuie  of  the  alcohol  radU  al  influenced  the  reactions.  Suit'jig  &om  these  coiuideraiioos, 
we  have  studied  the  reactivjy  of  propyl  oleate.  isopropyl  oleate.  butyl  olmie  and  benzyl  oieate,  also  theii  §eo- 
metilcal  Isomers  piepaied  fmm  elaidic  acid. 

Experiments  on  saponliJration.  hydrogenatloa  atxi  oxtdat;oa  were  ca.’Jied  our  in  the  condltirxrs  previously 
described  by  xm  ui  work  with  metty’  oleate  and  merhyl  ela^daic,  in  tics  corT-ecrlon  it  tiaa^ipued  that  sapcnj.^ica- 
i;on  wiih  alcoholic  alkali  of  all  the  oleates.  like  that  o*  methyl  oleate,  prrvesds  'xthcr  more  slowly  than  in  the 
c£ir  o*  the  ro-rcspondir^  ela  Jates.  On  the  other  .hand,  oleaics  cie  faydrogenared  and  ojldtztsd  mote  quickly  than 
elaidaies. 

Co oae quern ly,  the  erpetimeatal  data  Indicate  that  the  space  round  the  ester  groups  of  cleates  is  blocl.ed  to 
some  ejcenl  by  the  hydrocarbon  radical  CHjfCHj)^,  which  hinders  access  to  u  of  ll»e  alkali  elements.  This  is  ap- 
pa'en'ly  not  the  case  ryi»h  elaidaies.ard  theit  sapordOcatlon  therefore  proceeds  more  quickly.  From  this  standpoint 
the  'esults  o^  eKpeiimeats  on  sapon<fic.auon  coa^irm  the  cistlxir.iure  of  oleates  and  »Jie  ti  a  ns -structure  of  ela.’daies. 

Tb  s  conclusion  be..omes  e*ea  more  ronvuicliig  when  we  consider  the  results  of  hyd.^ogcnar ion  and  oxidation 
O’ oleic  and  elatdlc  ar^ds  and  rheu  esters. 

Concerning  the  lole  of  the  alcohol  rad'cal  as  a  . factor  cteating  stcric  hindrance,  we  succeeded  In  observing 
•elati*ely  Lt’le  Uilferenr.e  berweep  the  reactivities  of  the  benzyl  esters.  Here  the  benzyl  group  appeals  to  letatd 
vaponi’icacion  to  a  greater  extent  than  any  other  alcohOiX  group  in  the  esters  that  we  slndied. 

Reactions  at  the  double  bond  proceed  rather  mote  slowly  with  benzyl  elaidate  than  in  the  other  elaldates. 

EXPERIMENTAL 

1.  Syruhesii  o^  esien  o*  olex  atxJ  elaidic  acids  Ptopyi  oleate  was  prepared  lioin  silver  oleate  (1  mole)  and 
piopyl  bromide  (4  moles).  A  mixture  of  me  salt  and  the  bromide  was  first  shaken  for  3hmsr$  and  then  heated  for 
30  minutes  on  a  boiling  water  bath  under  a  reflux  condenser.  At  the  conclusion  of  the  reaction  the  mixture  was 
diluted  with  dry  ether,  filtered  a.nd  fractionally  distilled.  The  ester  was  a  light  yellow  liquid  wiihoii  odor:  b.p. 
220*220.5‘(13  mm).  d“  0.8689. 

Isopropyl  olea’e.  Light -yellow  with  b.p.  218‘(16  mm),  d^  0.8676  was  prepared  analogously  ro  the  above 
from  silver  salt  and  isopropyl  bromide. 

Butyl  oleate  was  prepared  In  the  form  of  a  colorless  liquid  (similar  to  the  above)  by  beating  the  compon¬ 
ents  foi  5  hours  at  110*on  an  oil  bath  under  a  reflux  condenser.  B.p.  226-226*(16  mm),  d^ 0.8670. 
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BMzy!  oleate  was  syachesixed  from  olclc  acid  (1  mole)  and  benzyl  alcohol  (3  moles)  In  jveaeace  nf  lalinrie 
acid.  The  mixture  was  heated  for  8  hours  on  a  boiling  water  bath;  after  washing  wUh  water,  the  product  was  dis¬ 
solved  in  ether,  neuoalized  with  alcoholic  KOH  and  caieluUy  washed  wUh  water  untU  free  from  alkali,  tenzyl 
oleate  distilled  In  vacuum  at  235-239*  (6-7  mm).  A  light -yellow  oil.  b.p.  216-218*  (1  mm),  d?  0.9315,  n  jj  1.4820. 
At  23*  it  dissolves  in  5  pans  alcoboL 

Propyl  elaidate.  From  the  Ag  salt  elaidlc  acid  and  propyl  btomlde;  b.p.  217*  (12  mm),  d*8;  8710. 

Isopropyl  elaldate.  From  the  Ag  ult  and  isopropyl  bromide,  b.p.  218* (15  mm),  d*  0.3671. 

Butyl  elaUate.  From  the  Ag  salt  and  butyl  bromide,  b.p.  228* (14  mm),  d^  0.8671. 

Benzyl  eUidatc  was  prepared  in  a  similax  manner  to  benzyl  oleate.  A  light -yellow,  oily  lirpiid.  b.p.  227- 
229*  (1  ram),  d"  0.9372,  n^  1.4840.  Uu  soluble  than  benzyl  oleate  in  alcohol. 

2.  Saponification  wUh  alcoholic  alkali.  Saponification  of  each  pair  of  isomeric  esters  was  effected  simul¬ 
taneously  in  two  identical  vessels  fitted  with  platinum  electrodes  and  well  ground  covers.  To  each  vessel,  contain¬ 
ing  a  weighed  arrwunt  of  ester  eQuivalent  to  0.0005  mole,  was  added  2  ml  0.1  N  alcotiollc  KOH.  Temperatnre, 
28*.  The  start  of  each  expexiinent  was  taken  as  the  instant  of  addition  of  the  alkalis  immediately  afterwards  the 
first  determination  of  electrical  conductivity  of  the  solution  was  carried  out:  after  another  30  minutes  a  second  de- 
ter miiutioc  of  electrical  conductivity  was  carried  out;  after  90  minutes  a  third  and  after  150  minutes  a  foisth  de¬ 
termination  was  carried  our.  In  othet  respects  the  experimental  procedure  was  tl  e  same  as  described  in  our  p«- 
vious  comiuunlcailon  (21  In  Table  1  are  set  forth  the  results  of  observations  of  the  rate  of  saponification  of  the 
esters  from  the  change  In  electrical  conductivity  whose  fall  in  tfic  present  case  depends  on  the  fall  in  concentra¬ 
tion  of  the  hydroxyl  ions  consumed  in  saponifying  the  ether. 


TABLE  1 


TABLE  2 


- ! 

1  Chance  of  electrical 

Compound  ! 

conductivity 

Ccinpound 

1  rime  (in  roimaes.i 

1  1 

i  90  i*150 

Propyl  oleate .... 

i  ' 

;  . 

1 

Propyl  oleate .  .  , 

571 

i  534 

514 ; 

;  515 

P:  opyl  elaidate  .  . 

Piopyl  elaidate.  . 

561 

515 

492  ' 

'  487 

Isopscpyl  oleate  .  . 

Isopropyl  oleate  . 

671 

537 

515 

512 

Lopmpyl  elaidate. 

Isoptopyl  elaidate 

564 

54S 

495 

487 

Biffyl  oleate  .  . .  , 

Butyl  oleate .... 

571 

!  534  1 

520 

1  520 

Butyl  eiaidatCL  .  .  . 

Butyl  elaidate ... 

564 

i512 

495  ' 

'  492 

Bctizyl  oleate  ,  .  . 

Benzyl  oleate  .  .. 

571  , 

526 

526 

Benzyl  elaidate.  . 

Benzyl  elaidate  . 

563  j 

500 

487 

j  A  mourn  df  hydroged  added 
j  •  '  (in  ml)  . 

120  rain,  j  40  min.  ^  60  rain. 


45 

37 
45 

38 
M 
38 
40 
32 


80 

73 

79 
73 

80 
72 
65 
72 


103 
92 

104 
90 

104 

86 

100 

80 


TABLE  3 


Compound 


.Change  of  electrical 
conductivity 

"■  '■  .  y  ■  '  !  ■  V II 

,  duration  (in  mlnutct) 

'  3  *  15  i  30  [  it 

j - i - - 


3.  Hydxgenation  of  ecert  of  oleic  and 
elaidic  scldi.  Resuii  of  similar  experiments 
have  already  been  published  but  were  carried 
oa  in  other  conditions  (3).  The  results  here 
presented  are  also  supplemented  by  dau  for 
hydrogenation  of  the  benzyl  esters. 

The  esters  were  hydrogenated  in  psesence 
of  platinum  supported  on  BaSO^:  materials  used 
In  each  experiment  were  0.25  g  BaSO^with  0.008 
g  Pt,  IS  ml  ethyl  alcohol  atul  0.005  mole  of 
the  este:. 

All  experlmcnu  were  perfoiraed  at  28*  in 
a  hydrogenation  apparatus,  experlmcnis  with  two 
Iscmcric  ecers  being  run  side  by  side  (Table  2). 

4.  Oxidation  of  cvt:i  of  oleic  and  elaidic  acids.  We  had  already  esubllihed  that  methyl  oleate  and  methyl 
elaldate  do  not  reaa  equally  easily  with  aqtroui  KMnO^  In  this  Invest igatloa,  therefore,  we  also  evaluated  the 
oxidation  of  the  esters  by  the  change  of  elecuical  condxtivlty  of  aqueous  KXlnO^  (11 


Piopyl  oleate  .... 

.  391  i 

425 

465  1 

;  '600 

Propyl  elaldate.  .  . 

.  400 

417 

'  434' 

'  465 

Isopropyl  oleate  .  . 

•  391  , 

4B4 

1  465  j 

1  500 

Isopiopyl  elaidate . 

:  391  ’ 

400 

'  434' 

1  ^ 

Buryi  oleate . 

i  400  • 

434 

1  476 

500 

Butyl  elaldate  .... 

1  400  ! 

417 

;  434! 

1  466 

Benzyl  oleate  .... 

1  400  i 

434 

1  465 

500 

Benzyl  elaidate  .  . . 

1391  , 

417 

1  444 

444 

Oxidation  cxperimcntt  were  carried  out  liinultaneoudy  with  equal  weights  of  isomeric  esters  (1/ 1500  mole). 
To  the  weiglied  amount  of  ester  was  added  5  ml  1.9^  aqueous  KMnO^:  the  flra  measurement  of  electrical  condue* 
tivity  was  made  after  3  minutes,  the  second  after  15,  the  third  after  30  and  the  founh  after  45  minotes.  Tempeta* 
.tare  27*.  The  data  are  set  forth  in  Table  S. 

Thanks  are  due  to  Prof.  A.  K.  Plisov  for  valuable  advice  during  this  invesilgatioa. 

SUMMARY 

1.  Benzyl  oleate  and  benzyl  elaidate  were  synthesized  and  their  properties  deKribed. 

2.  It  was  established  that  in  harmony  with  the  theory  of  sterlc  hindrance  the  oleates  are  saponified  more 
slowly  than  the  elaidates  and  are  oxidized  and  hydrogenated  more  quickly  than  elaidates. 

3.  The  reactions  of  saponification,  oxidation  and  reduction  of  oleic  and  elaidic  acids  and  dieir  esters  con¬ 
firm  the  structure  of  these  acids  u  cis-  and  cans -isomers  respectively. 
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SYNTHESIS  OF  1,  l-DlALKYLCYCLOFRp?A  NES  FROM  ALDEHYDES 


Y«.  M.  Slobodln.  V.  I.  Grlgoiyeva  and  Ya.  E.  ShmalyakOTtJty 


At  the  present  time  many  bydiocatbons  of  the  cyclopropane  aeiJes  ace  not  readily  accessible  and  have  been 
inadequately  inTestigated. 

Below  we  describe  the  synthesis  of  l-methyl'l-ethylcycloptopane  and  Imethyl'l-isopropylcyclopropaoe  which 
have  tun  previously  been  prepared  by  a  direct  method. 

Both  hydiocatbons  have  been  isolated  from  complex  hydrocarbon  mixiires  formed  by  the  action  of  zinc  dint 
on  l.l.lHrihromotrlmethylpropane  and  on  l,l.l-^lbiomotrlmethyl'2-merbylptopane  pi  The  air>ount  of  these  hy- 
dmcaibons  in  the  mixxises  tesultlng  from  dehalogenatioo  is  3  and  d1»  respectively. 

The  starting  material  for  synthesis  of  1-methyl-l-ethylcyclopropane  in  our  investigation  was  2-methyl-l-ho- 
tanal.  Condensation  of  this  aldehyde  with  formaldehyde  in  an  alkaline  medium  gave  a  diol  [2]  which  was  con¬ 
verted  with  PBtj  into  the  dibromide  [3j.  Cleavage  of  two  bromines  from  the  dibtomide  with  zinc  dua  led  to  for¬ 
mation  of  the  hydeoeatbon. 


^CH^H 

— V  Cri,  -CHx-Cr^ 

^.H  CHPH 


The  so-formed  hydroc-arbon  was  of  satisfactory  puaiy  as  sljown  by  spectmsccpic  exaininatioc;  it  was  not  con- 
iaminated  with  unsaturated  hydrocarbons.  In  the  Raman  spectrum  of  ihls  b/drocarboa  the  cyclopropane  .log  was 
rcp;esen’e^  by  the  group  of  frequencies  850,  881,  934.  1236  and  3058  cm”*. 

The  starting  material  for  synthesiso!  1-methyl-l'isopropylcyclopropane  was  2.3-dlmethyl-l-buunal  which  gave 
the  required  cycloparafln  by  the  same  series  of  reactions. 

The  purity  of  the  hydrocarbon  was  adequate.  Spectroscopic  examination  showed  it  to  be  free  from  unsatu- 
rated  hydrocarbons.  Coitespooding  to  the  three -membered  ring  In  tiie  Raman  spectrum  of  l-meihyl-l-liopicpyl- 
cyclopropane  were  the  fxequencies  841.  849,  933,  1228,  1258,  and  3063  cm’*.  Our  method  may  be  proposed  as  a 
gr'neral  method  of  lynihesis  of  1,1-dlalkylcyclopropanes. 

EXPERIMENTAL 

2-Methyl -2 -ethylpro  pane-1, 3 -diol 

The  diol  was  prepared  from  2-methyibiaanal  and  formaldehyde  f21  In  a  three-necked  flask  flaed  with  stir¬ 
rer,  dropping  funnel  and  reflux  condenser  was  placed  a  solution  of  17  g  KOH  in  75  ml  alcohol.  From  the  dropping 
fisinel  was  slowly  tun  in  a  mixture  of  22  g  2'methylbutanal,  65  ml  2^,  formaldehyde  ajd  30  ml  alcohol.  During 
the  addiiion  of  the  mixture  the  temperature  in  the  flask  was  kept  at  40*.  After  completion  of  the  rdditlon,  the  flask 
was  heated  to  80*.  Stiuing  was  continued  for  18  hours  at  this  temperature.  The  aicchol  was  then  driven  off  and 
the  residue  extracted  5-6  hours  with  ether.  The  ethereal  solution  was  dried,  the  ether  was  driven  off,  and  the  diol 
was  distilled.  The  lattet  foimed  white,  hygroscopic  ciyuals  with  m.p.  43*  and  b.p.  111-114*  (10  mm).  Yield  of 
diol,  5^  of  the  theoretical. 

Found  C  59.96;  H  11  53.  Calculated  C  61.01;  H  11.95 

2 -Methyl  -2 -iso propyl  pio pane-1 , 3-d  lol 

Preparation  was  by  the  above -described  method,  using  46.4  g  2,3-dimethylbizanal,  60  ml  alcohol,  130  ml 


28%.  formaldehyde  and  a  wlution  of  35  g  KOH  in  150  ml  alcohol.  Yield  ol  dlol,  of  ih*  theoretical.  l.p.  ia9> 
140*^  (24  mm),  m.p.  56<7* 

Found  C  62.40;  H  12.30;  C^ifig.  Calculated  C  63.68;  H  12.22 
1. 3-Dlbtomo  -2,2-dlalkYlpropaica 

Into  a  fUtk  fitted  with  a  diopplag  funnel  and  leflux  coadeiuex  wa*  charged  0.26  mole  dioU  after  which  0.26 
mole  was  run  In  slowly,  the  flask  being  cooled  with  iced  water  p).  After  the  had  been  added,  the  bath 
temperature  was  slowly  ulsed  tt*  lOO*  and  then  the  water  barb  was  replaced  by  an  oil  bath  and  the  mlxsate  heated 
for  18  hours  at  150*  After  cooling,  the  mass  was  poured  into  cold  water.  The  dlbmmo  compound  was  ertttacted 
wUh  ether.  The  ethereal  mlurion  was  washed  wUh  water,  then  with  sodium  carbonate  soltclon  and  again  with  water, 
and  dried  over  calcium  chloride.  The  ether  was  driven  off  and  the  dibromo  compound  distllkl  in  vacuum. 

1.3- Dibpmo-2-methvl‘2<thYlpropane.  Yield  20%  of  the  iheoreticaL  B.p.  78* at  5mm  and  82*at  17  mm. 

d^  1.6078;  n*  1.6073;  MPjj  45.14.  Calc.  MRjj  45.47.  Founder  »r  65.32.  Calculated 

Bt  66,55. 

Raman  Spectrum 

IflB  m.  242  (3).  312  (1),  336  (0.5).  371  (1  w).  430  {2w  ),  444  (2  w).  501  (2).  505  (0.5),  636  (7).  655  (10). 

695  (2),  736  (6),  778  (2),  826  (3),  858  (4).  888  (Iw).  928  (2).  999  (1),  1055  (1).  1172  (0.6),  1192  (Q.5X  1263 

(2),  1309  (0.6),  1341  (0.5),  1443  (0.8). 

1.3- Dibrom9-2-methyI-2‘t«op<opvlpiopa<>e.  Yield  3.“'^  rf  the  iheoieilcal.  B.p.  123-125*at  30  tent:  1.5408: 

nj  1.5073;  MRp  49.86.  Calc.  MRjj  49.89. 

Found  %.  Bi  62.26.  Calculated  Bt  62.01. 

1-Methyl -  j  -ethyl  cyclop  to  pane 

Iieo  a  flask -fitted  with  a  reflux  condenser  were  charged  31  g  zinc  dust.  45  ml  alcohol  aitd  5  ml  water.  The 
mix!.u;e  was  beateC  lo  rhe  bcu,  and  ad'iiijon  was  rlicn  made  ihtougb  a  dmp.p;'::g  funnel  of  14.5  g  l,3<llbromo-2~ 
methyl -2 ■e'hylp-opane.  Watc:  at  70*  was  circulated  through  the  rerlax  condenser.  The  vapor  of  the  formed  hydro- 
carbor  passed  without  cordensing  through  the  reflux  condense;  and  ihen  cn:e:ed  a  well<ooled  coil  and  condensed 
in  tne  receiver.  The  bydrocartoc  was  washed  wuh  water,  dried  over  calcium  chloride  and  distilled  over  sodium, 
yield  62%  of  the  theorciicaL 

P.F.  56.5-57*.  d^  0.7013,  1,-3S88:  MRj,  28.30. 

C^jg.  Calc.  MRjj  28.40*. 

Raman  Specaum 

199  (0.5),  265  (O.o),  362  (1  w),  415  (1),  43J  (1).  446  (1),  479  (4),  674  (10),  736  (1),  788  (1),  851  (1),  881  (6), 

934  (7).  1000  (5).  1067  (4),  1115  (2),  1236  (3),  1285  (3).  1388  (1).  1435  (3),  1456  (3).  2933(6),  2960  (6). 

2994  (20),  3058  (5). 

1 -Methyl -1-1  so  propylcyclopropane 

The  hydrocarbon  was  prepared  from  l,3-<Ilbromo-2-methyl-2“isopmpylpropa5e  in  the  conditions  described 
above.  The  reaction  was  earned  on  in  a  Wunz  flask;  the  hydrocarbon  was  progressively  distilled  off  with  the  al¬ 
cohol  as  formed.  Loss  of  alcohol  during  the  reaction  was  made  good  by  addltlor,  from  the  dropping  funnel.  Yield 
’’7%  of  theory. 

B.p.  82*;  d?  0.7215:  n”  1.4000;  MR^j  39.92;  Calc.  MR^  40.02. 

Found  %•  C  85.29:  H  14.23.  C^H^.  Calculated  %:  C  85  62;  H  14.38. 

Raman  Spectrum 

271  (2w ),  309  (2w  ),  348  (2),  372  (1).  392  (1).  489  (3).  501  (2),  649  (1).  663  (10),  715  (1),  778  (1'^),  841  (8), 

849  (5),  933  (9).  1004  (6),.  1040  (2)  1084  (2),  1124  (4),  1158  (1).  1196  (2),  1228  (1),  1258  (Tj,  1313  (3),  1368 

(2),  1390  (2),  1425  (3),  1448  (6),  1461  (6).  2874  (10).  2902  (2).  2936  (4),  2960  (8).  2996  (8).  3063  (3). 

•The  incieraea:  for  a  three -me  mbeted  ring  is  assumed  to  be  0.7. 
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SUMMARY 


l-Meihyl'l-ethylcycloptopaae  and  l-metfayl'l'iiopnpylcyclopcopaiie  hive  been  pcepired  for  the  Um  dine 
by  direct  •yntbetii. 

Diu  lie  given  for  the  Ramin  spectra  of  the  prepared  bydmcirboas  and  the  imeimediate  products  of  theic 
synthesis. 
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THE  MECHANISM  OF  TRANSFORMATIONS  OF  TERTIARY  ALCOHOLS  OF 
THE  CYCLOPROPANE  SERIES  UNDER  THE  INFLUENCE  OF  INORGANIC 


AND  ORGANIC  ACIDS 

n.  INTERACTION  OF  METHYLETHYLCYCLOPROPYLCARBINOL 
WITH  DILUTE  FORMIC  ACID 

T.  A.  Favorskaya  and  N.  V.  dhche fhinskaya 


In  collaboration  with  S.  E.  CberDot>elskaya  [1],  we  have  studied  the  reaction  of  methylethylcyclopropyl* 
carbiiK)!  with  8Cf^  formic  acid;  the  sole  oroduct  of  this  reaction  was  2.2-methylethyItetrahydrofutan.  In  the  present 
investigation  we  used  more  dilute  acia  m  the  dilution  of  1:2  (pH  0.88)  in  order  to  have  the  possibility  of  obtaining  in- 
tamed  iate  pcoducu  of  the  reaction  and  thus  splning  an  inught  into  its  mechanism.  The  results  that  we  obtained 
showed  that  in  these  conditions  the  Lnteraction  of  methyletbylc.ycloptopylcarbinol  (1)  with  formic  acid  proceeds  by 
the  same  mechanism  as  in  the  interaction  of  formic  acid  with  dinethylcyclopropylcarbinol  [2):  the  hydroxyl  group 
of  the  tertiary  is  shifted  to  the  c -position  while  the  three-membered  ting  is  opened  to  form  the  unsaturated  primary 
alcohol,  3-mcthyl-3+icxene-6-ol  (II).  This  alcohol  is  then  partly  esterified  with  formation  of  the  formic  ester 
(m),  partly  isorr.erized  to  2,2-methylethylieiTahydtofuraa  (I\0,  and  to  a  small  extent  hydrogen«ted  to  a ,a -metbyleth' 
yitetrameihylene  glycol  (V).  which  esterifies  to  the  moaocstci  (VI). 


CH,^C,H5 

(5oh 

k 

CH,-CHj 

(0 


HCCX)H 


(IDj 


(HO 


CH,-CH, 
!  I 

<CK,  c: 

V  ' 


(IV) 


CH, 

C^4* 


^COH-CH,-CH,-CHpH 


(V)| 

T 


')cOH-CH,-CH,-CH,-0-C  V 


CK. 


\v 


(VI) 


Moreover  substitution  of  one  methyl  group  of  the  alcohol  by  ethyl  brings  about  still  another  direction  of  re¬ 
action  “dehydration.  T^is  leads  to  formation  of  a  mixtme  of  hydrocarbons.  The  oxidation  data  showed  that  the 
mirture  contains  a  cyclic  hydrocarbon,  dimethylcyclopropylethylene  (VII),  and  also  (apparently)  the  two  isemerte 
unsaturated  hydrocarbons  (VIH)  and  (UQ: 

CH,-CHv  C|Hjv^  CH,\ 

^-CK  I  C=CH-CH=CH,  C-CH,-Cri=CH, 

CH,'  '^H,  CH,'^  CHj-CH'^ 

(viD  (vm)  (IX) 

Hete,  as  in  the  case  of  dimethylcyclopropylcarbinol,  the  formed  unsaturated  alcohol  a.Td  Us  sstet  imdergo  con* 
vasion  into  an  azeotropic  mixture  wUh  b.p.  182-16”*.  Since  isomeric  ttansforraations  arc  possible  in  the  hydrolysis 
of  the  esteis,  the  mixture  of  alcohol  and  ester  was  treated  with  MgICH,  for  establishment  of  its  structure.  The  reac¬ 
tion  products  were  decomposed  with  water  and  sulfuric  acid,  dried  and  distilled  In  vacuum  to  give  a  primary  alcohol 
“3-ciethyl-3-hexcne'6ol:  on  carrying  out  the  distillation  at  normal  pressure,  however,  the  alcohol  Isomerizes  to 
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2,2-ineihylethyltet  ahydtofuran.  Decomposition  of  the  reaction  products 
t^n  at  the  ordinary  pressure  gives  the  prL-nary  alcohol  as  the  sole  product, 
cause  Isomerization  of  the  distilled  alcohol  to  y^xlde. 


with  water  alone  followed  by  fractiotis- 
Negligible  uacet  of  sulfwlc  acid  thus 


The  yield  of  hlgh-bollii«  fractions,  conespondlug  to  the  glycol  and  iu  ester.  Is  considerably  lower  than  la 
the  case  of  dimethylcyclopropylcarbinol;  moreover,  the  formation  of  dienic  hydrocarbons  leads  to  polymeric  pro¬ 
ducts  which  contaminate  the  glycol  and  ester  and  still  furtha  reduce  the  yield.  Hydwlysis  of  this  mixture  gave 
the  glycol  (V)  in  sufficiently  pwe  form. 


The  mixture  of  alcohol  (ID  and  ester  (HD  was  oxidized  with  KMnO*  solution:  among  other  products  of  oxida¬ 
tion  was  iound  methylethylglycollc  acid,  whose  formation  may  be  represented  by  the  scheme: 


(n)-W-  ***NcOH-<»OH  ♦  COOH-COOH. 

c,h/ 


We  obtained  the  same  acid  by  oxidation  of  methylcihylallylcaibinol  and  by  oxidation  of  the  msaturated 
chloride  formed  from  rrtetbylethylcyclopropylcaxblnol  by  treatment  with  hydrochloric  acid  [3J.  Oxidation  of  this 
chloride  gave,  apart  from  methylethylglycollc  acid,  methyleihylcthylenelactlc  acid  (X),  Methyleihyl  ketone  was 
not  obtained  at  all.  The  chloride  was  accordingly  assumed  to  have  the  suucture  of  4-mcthyl-4<hloro-l-hexcne  (XD 


CH. 


^COH-CH,-COOH 
*  '  (X) 


CH,' 


(XD 


=CK-CH,-CHyCL 

(XQ) 


Since  the  methylethylglycollc  acid  was  obuined  by  oxidation  of  two  ditfetectly  constiiiaed  compounds  and' 
sir'ce  the  alcohol  (one  of  the  coranounds  in  queition)  uixioubtedly  contains  t  double  bottd  at  the  tertiary  carbon 
atom,  the  question  arises,  first,  whether  the  structure  anributed  to  the  chloride  (XD  is  coireci,  and.  second, 
wbethe;  the  method  of  oxiaat.'on  with  KK!nO^  solution  can  be  applied  to  compounds  containing  a  double  bond  at 
the  tertiary  carbon  atom.  Whh  the  aim  of  clarifying  th<^  problems,  we  performec  a  reaction  of  methylethylC3rlo- 
propylcarbiru)]  with  hydrochloric  acid  and  ozonized  the  resultats  chloride.  In  tnls  tr.acrrer  we  cbulned  methylethyl 
ketone  and  S'chlcropropio'uc  acid,  thus  showing  conclusively  that  the  chloride  was  primary  and  had  the  structure 
of  3-methyl-€<hjoro-3-tcxcne  (XHJ. 


Consequently  the  interaction  of  methylethylcyclopmpylcerbinol  with  hydrochloric  acid  proceeds  similarly 
to  the  reaaion  of  dimethylcyclopropylcarbinol  and  may  be  represented  by  scheme  1. 


The  formation  of  methylcthylethylenelactic  acid  by  oxidation  of 
chloride  (XID  indicates  that  fn  the  conditions  of  oxidation  with  KMnQ,. 
solution  the  elements  of  hydrogeii  peroxide  do  mi  add  on  at  the  double 
bond  biE  that  hydration  .tkes  place,  and  therefore,  this  ra^rbod  is  in¬ 
applicable  to  the  dcrcrmlnatlon  of  the  structure  of  compounds  contain- 
Lig  a  secondary -le.niary  double  bond.  The  ability  of  such  a  bond  to  be 


(0  ^ 

KfiO, 


■C,H,  CH, 


CH  j: 


HCl 


KgCO, 


(XID 


Scheme  1. 


hyutaied,  which  ts  now  explained,  confirms  the  theory —enunciated  by  us  ir  a  pieviour  connranlcaUon— that  the 
formation  of  a, a  -dlmerhyltcuamethylcne  glycol  by  interaction  of  dimethylcycloptopylcarblrsol  with  fotniic  acid 
proceeds  through  addition  of  water  to  2-mcihyl-2-pemcn-6-ol  at  the  double  bond.  Such  an  intetpretation  of  the 
mechanam  may  also  be  applied  to  the  formation  of  a  ,a -methylethyltetxameihylcneglycol  which  Is  pte- 
paied  by  reaction  of  mcrhylethylcyclopropylcarbinol  with  foimlc  acid. 


SlTKre  the  iodide  formed  in  the  synthesis  of  raethylethylcyclopropykarbinol  from  ethylmagnesium  iodide  aad 
acety.t:lmethyiene  [3]  givs,  on  oxidation  with  permanganate,  the  same  acids  as  were  formed  from  the  chloride, 
while  hydrolysis  also  gives  the  original  cyclic  alcohol,  it  is  clear  that  the  Iodide  is  not  3-methyl-34odo-l>hexene. 
but  a  primary  iodide  wiih  the  structure  of  3-meihyl-6-lodo-H>excne. 

The  action  of  organic  acids  on  tertiary  alcohols  of  the  cyclopropane  scries  results  in  the  fust  place  in  forma¬ 
tion  of  primary  alcohol  which  then  forms  an  ester:  hence  it  may  be  suggested  that  the  firs:  step  in  the  reaction  with 
hydrogen  halides  is  also  formation  of  an  unsatutated  alcohol  whose  hydroxyl  is  then  replaced  by  chlorine.  la  attem¬ 
pting.  howevci.  to  prepare  chloride  (XD  by  the  action  of  HCl  on  alcohol  (O).  instead  of  the  chloride  we  obtained  a 


1752 


tetKhydrofuran  derivative,  i.e.  cycllzation  of  the  alcohol  occur  uoder  the  influeuce  of  the  acid  medium,  %raiie  the 
halogen  derivative  was  only  found  in  ttacei. 


EXPERIMENTAL 

1.  Synthesis  of  Methylethy Ic yc lopropylcatblnol 

The  caibliiol  was  obtained  by  the  action  of  ethyl  magnesium  oromide  on  acetyktimethylenc.  The  product  bad 
b.p.  138-144*  and  was  oxidized  by  JCMnO^  in  order  to  remove  unsatuiated  Impuriiles.  Yield  of  alcohol  with  b.p.  141- 
143*  was  54^.  There  was  also  obtained  8.6  g  (about  5^)  of  a  fiaction  with  b.p.  70-72*  at  17  ram  and  170-172* at 
760  mm.  conesponding  to  the  bromide  with  the  constants: 

ng  1.4789:  di^  1.1763:  MRjj  41.88.  C,Haa!  ‘  CaJculaied;  MRjj  41.83.  Slabey's  data  [4]:  nf  1.4775;  dj* 
1.1873:  b.p.  91-92*  at  5  mm. 

2.  Interaction  of  Methylethylcycloptopylcarblnol  with  Formic  Acid 

150  g  of  the  alcohol  was  heated  to  the  boil  while  stining  for  1.5  hoias  with  formic  acid  (1:2),  i.e.  appcoxl- 
mately  38^  (pH  0.88).  After  neutralization  of  the  acid  with  dry  sodium  carbonate,  extraction  with  ether  amt 
drying,  the  reaction  products  were  fractionated  in  a  column.  The  following  fractions  were  isolated:  In  fraction. 
102-107*.  29.4  g  (23f«):  2nd  fraction.  107-112*.  6.5  g  (5^):  id  fraction.  119-122*.  14.5  g  (9.6^);  4th  fraction, 
322-162*.  2.1  g  (1.3f^);  5th  frac:''.’n,  152-167*.  57.0  g  (30'^).  The  residue  in  the  flask,  weighing  16.8  g,  was  frac¬ 
tionated  in  vacuum.  Ey.amination  of  first  fraction  with  b.p.  102-107*.  The  fraction  gave  a  reaction  for  the  carbonyl 
group.  A  second  fractionation  in  the  column  yielded  a  fraction  with  b.p.  104-106*.  However,  this  fraction  like¬ 
wise  gave  uaces  of  the  2,4-dinitrophenylhydiazone  of  acctyltrimeihylene.  For  final  purification,  the  compound  was 
stood  for  several  days  over  metallic  Na  and  then  refluxed  with  fresh  Na  for  3  hours  on  a  funnel  heater.  A  biovm, 
gelatinous  precipitate  of  the  sodium  derivative  of  the  ketone  separated.  The  liquid  portion  was  drained  and  twice 
distilled  over  metallic  Na.  A  second  fractionation  gave  a  fraction  with  b.p.  104-106*. 

ng  1.4430;  0.7886;  MRq  32  27;  CyHu'  Calculated:  MRp  32.61;  Cylla.  ^  Calculated:  MRjj  33.69. 

Slabey's  data  [4]  fot  the  two  isomeric  cyclopropylhuienes:  b.p.106.55*;  ng  1.4428:  0.7810;  b.p.  107.46*: 

ng  1,4474.  df  0.7874. 

Oxidation  the  hydrocarbon.  Oxidation  of  7. 3  g  hydrocarbon  required  23.1  g  KMr.O^  The  K'nO|  was 
drained  and  waslied  with  hot  water.  The  neutral  prod’cts  were  driven ‘off  from  the  solution.  The  first  drops  of  dis- 
tillaie  gave  a  copious  precipitate  wuh  2.4-duiitrophenylliydrazine;  ra.p.  145*  (from  alcohol);  no  depression  with  the 
2,4-diii.’irophenyIhydiazone  of  aceiyltrimethylene.  From  the  acidified  soluticu  were  distilled  the  volatile  acids: 
formic  acid  was  detected  in  the  distillate  (qualitative  test  with  HgClj).  The  soltsion  of  volatile  acids  wa;  heated 
on  a  boiling  water  bath  with  excess  of  freshly  precipitated  silver  carbonate.  The  precipitate  was  filtered  and  water 
was  removed  from  the  filifate  in  vacuum.  Analysis  of  the  silver  salts  sltowed  acetic  acid  to  be  present. 

0.0705  g  sub.:  0.0456  gAg.  Found‘d:  Ag  64,68.  C^jO^Ag.  Calculated  Ag  64.67. 

From  the  aqueous  solution  of  the  nonvolatile  acids  was  isolated  oxalic  acid;  after  sevf  lal  sublimations  it  had 
m  p.  185*  and  did  not  give  a  depression  with  authentic  oxalic  acid.  The  results  show  that  the  hydrocarbon  with  b.p. 
104-106“  is  a  mixture  of  hydrocarbons  with  an  open  chain  and  a  three -me. mbered  ring. 

The  second  fraction  with  b.p.  107-112*  was  acetyltrimeihylcnc  (2.4-dimttophenylhydtazone  with  m.p.  146*). 

The  third  fraction  with  b.p.  118-122* conesponded  to  2.2-m«hylethyltetiahydrofuran.  h  was  given  a  prelimi¬ 
nary  purification  from  aceiyltrimethylene  by  heating  with  Na  and  by  distillation  over  fresh  Na. 

ng  1.4230;  d”  0,8593;  MRjj  33.86.  CyHip.  Calculated:  MRjj  33.94.  The  consiaras  agreed  completely 
with  those  previously  obtained  by  us  [1). 

Fraction  5  with  b.p.  162-167*.  Analyses  showed  this  fracUon  to  be  a  mixture  of  the  primary  alcohol  3-methyl- 
3-hexen-6-ol  and  its  formate. 

df  0.8932;  ng  1.4398;  C,Hi<0,  (calculated  on  the  ester)  MRq  41.88.  CyH^p  (calculated  on  the  alcohol) 

MRjj  33.62.  CjHyPt  Calculated;  MRjj  40.34.  CyHjP,  Calculated;  MR^  35.58. 

0.1008  g  sii).:  0.2573  g  CO,;  0.0998  g  Hp,  Found ‘J#:  C  69.61;  H  11.07.  CjHj/D.  Calculated  %  C  73.62: 

H  12.35.  C,H,p,.  Calculated  C  67.57;  H  9.92. 

Hydrolysis  of  the  mixture  of  alcohol  and  ester.  20  g  substance  was  heated  to  boiling  with  twice  the  amount  of 
Kfjo  potassium  carbonate  solution  with  stirring  Hydrolysis  was  carried  out  for  15  hours.  The  product  was  extracted 
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wirh  eihei.  aHct  diyii«  tad  diir.ag  «rff  ihe  tolTent,  t  *id>iUiice  wt»  obulacd  with  b.p.  lM-170*.  TleM  of  al¬ 
cohol  1&  g. 

df  0.8610:  ng  1-4510:  MI^  35.M.  C^tff  CalcuUted:  MRp  35.58.  The  coiUitBU  ag»ed  with  om  pre¬ 
vious  data  [51. 

0.1028  g  lit. :  21.5  oil  CH*  (1S.5*,  757  mm).  OH  uunbet  0.988. 

OvUlation  of  mixture  of  primary  alcohol  %rUh  iis  formic  eiter  (b.p.  162-187^.  Oxidauoc  of  10  g  substaore  cou- 
sumed  37  g  KKinO^  The  first  imps  of  difrillate  of  aeuiial  pmducis  gave  a  prccip:rare  wuh  g.d'dlnlL'Opbenyltydia- 
2lne  with  m.p.  116-lir  (from  alcohol).  A  mixed  rest  with  the  2,4-dln:je»phen/lhydraxone  of  autheittlc  meihjleUiyl 
ketone  did  not  give  a  depression.  Among  the  volatile  acids  was  found  foimlc  acid.  The  aog-volatUe  acids  were 
extracted  with  ether  in  an  extractoi.  After  drying  and  driving  off  the  ether,  nearly  the  entire  mate  crystallized.  The 
crystals  were  pressed  on  porous  plate.  Yield  of  acid  2  g>  It  was  sublimed  and  xecrysraillzed  irom  benzene.  M-p.  67 , 
No  depieuion  in  test  with  amhentic  methylethylglycolic  acid. 

Action  of  MgCH^  on  the  mirture  of  primary  alcohol  and  its  ester.  To  the  MgCH^  prepared  frera  3.5  g  me¬ 
tallic  Mg,  20.5  g  CH*I  and  100  ml  edier  was  added  12.5  g  of  Uic  subrance  wirh  m.p.  162-167“  20  ml  edier. 

The  organo-Mg  complex  was  decomposed  with  water  and  sulfuric  acid  (1:5).  The  leaciioa  prooucta  were  extiacred 
with  ether  and  dried  with  potassium  cathonaie.  The  ether  exi’aci  was  then  divided  In'o  two  parts.  The  lirst  part, 
after  drlv^jrg  off  the  ether,  was  distilled  at  oocmal  prescure. 

The  firs  fraction,  conslstlag  of  residues  of  ether  and  of  formed  isoprepyl  alcohol,  came  over  at  40-115*  after 
wnich  the  tempeiatute  rose  rapidly  to  130“  and  then  began  to  fall  althongh  material  dlatiUcd  over  the  whole  time. 
The  temperature  fell  to  120* and  did  not  rise  any  higher.  When  the  whole  of  the  distillate  was  redistilled,  it  boiled 
at  120-122*  and  its  cor^antt  corresponded  to  those  of  2.2'fpeihyIethyUeuahydrofunuL. 

df  0.S603;  ng  1.4230  ;  mRd  33.74.  CjH^.  Calculated:  MRj,  33.94. 

The  seccer*  psTt,  after  removal  of  the  ether,  was  distilled  in  vacuum  to  give  a  small  fraction  with  b.p.  up  to 
68*  at  8  mra  and  a  main  f-artioc  with  b.p.  68-71*at  8  mm  (ng  1.4500),  corresponding  la  3-mcihyl-3-hcxen-6*ol. 

In  a  second  experiment  the  organc-Kig  complex  vas  decomposed  with  wa-c:  alone  wohou:  addition  of  ac*d. 

The  fractions  so  obtained  were:  1)  50-160*:  2)  160-165*(a  few  tiropi);  3)  166-168*:  yield  50.tf?*.  ng  1.4495. 

Consequently,  the  Isomerixaiton  of  alcohol  (JD  m  the  teuahyxl'Xifuran  der.vative  requLes  iracea  o:  acid  and 
he<ttlcg  to  above  70*. 

Examiaatior.  of  the  h!ph-bofling  fractlonr.  Repeated  frertionat ions  of  the  residue  (16.8  g)  in  vacuum  yielded 
a  fraction  wirh  b.p.  112-114*  at  14  mm.  This  was  of  U;c  uroe  atJer  as  the  bc'ling  point  o!  the  mcnocster  of  *he 
glycol  which  we  isolated  after  iaieraction  o:  dimechylcyr  lop.'opylra:binol  wirh  formic  acid  [21  However,  tpe 
analyses  pe.'iormod  on  Ae  fractlx>n  wiih  b.p.  112-1 14* at  14  mra  showed  that  it  was  not  a  perfectly  l-omogetcous 
s:i>stance  although  lii  bo'ling  point  did  not  change  even  after  two  more  fractionations. 

d^  0.&667;  eg  1.4565;  MRq  45.01.  Calculated:  MRjj  42.45. 

0,1065  g  sii>.:  0.2508  g  CO^  0.1005  g  Hp.  0.1304  g  iub.:  18.0  ml  773  ram).  Found  % 

C  64  20  H  10.5.  OH  number  0.9"40.  C,HyO^  Calculated  C  60.00;  H  10.00;  Oh  ’lumber  1. 

Hydre.ysiso:  tobcance  with  b.p.  112-114*ar  10  mm.  4  g  substance  was  heated  wirh  twice  the  amount  of 
20^!  po’asiium  carbonate  so.  jion.  The  p.-oducts  o;  hydrolytts  were  exL-aciexi  with  ether.  After  drying  and  remo-al 
of  the  e’her.  ’he  residue  was  d'itJlicd  in  vacuum  to  gl'c  0.45  g  viscous  sid>s?ance  with  b.p.  122-123*  ai  8  mra  (tg 
i..4600)  The  aqueous  loliClon  was  acidified  with  sulfatic  acid  and  ’Jre  vola’lle  ac  :xls  dir  filed  with  neam.  ro’mrx 
arul  was  detected  in  the  disilllaie.  The  fraction  with  b.p.  122-123“ a*  8  mm  'i  evidently  mtibyle-hylTetraracthy- 
lene  giyt  ol,  but  trs  mlmre  a.mouat  prevcnied  its  furtbe:  cxaminaiion.  For  the  pu-pose  of  Idcntlflcailon  the  glycol 
was  synthesized. 


^mherts  o' a -ethy:te’,-amethvler.€  pIvcoL  To  the  ethyl  magnesium  bremide  peepated  from  12  g 
Mg  ar,d  54.5  g  e-Jtyl  bromide  was  added  26.6  g  ace'or-opyl  alcohol  dissolved  m  60  ml  ether.  Tlie  organomagrwc'um 
complex  was  deco.mpo^d  with  water  and  The  reaction  products  were  en.ac:ea  w.th  rhet.  Alter  diyl’^g. 

drlvmg  Off  the  ether  and  dlsiHling,  a  subsu&ce  with  b.p  139-140*  at  22  mra  was  obtained  in  a  >icLd  of  12  g  (-Vt). 


d4  0.9713;  ng  1.4675:  MRjj  37.62.  Calculated:  MRjj  37.82. 


0-31^9  8  CO,;  0.1424  g  HP.  0.0730g,ub.:  2C.9  ml  CH*,(16*.  760  mm).  Found  •>:  C63.90: 
1.97,  OH  number  2066.  Calculated  C  63  63-  H  12.12:  OH  tumber  2. 


-  -  --  with  Hydtochloxle  Acid 


6.3  g  of  the  alcohol  was  stinsd  for  2  hours  at  room  teinperaturc  with  24  ml  hydrochloric  acid  io  1:1  dilntlon. 
The  reaction  product  was  extracted  with  ether  and  dried  with  potasium  carbonate.  Distillation  peve  two  fractiona: 
1)  120-122* •• •••  3.5  g  (62^)  and  2)  122-130*.  1.1  g.  The  first  fraction  is  2,2^ethylethyltctrahydrofuran  and  the  second 
is  probably  a  mixture  of  the  first  fraction  with  traces  of  primary  chloride  since  a  Belluein  halogen  rest  gave  a  posi¬ 
tive  result  (b.p.  of  the  chloride  154-156^. 

4.  Reaction  of  Methylethylcyclopropylcarbinol  with  Hydrochloric  Acid 

25  g  of  the  alcohol  was  stirred  at  tootn  temperature  for  2  hours  with  100  ml  hydrochloric  acid  in  1:1  dilntioa. 
The  upper  layer  was  separated  and  dried  with  potassium  carbonate.  Fraalonation  gave  16  g  of  chloride  with  b.p. 
154-156*,  in  agreement  with  our  earlier  dau  [31 

Ozonization  of  the  chloride.  5  g  chloride  was  ozonized  in  chloroform.  After  lemcval  of  the  solvent,  the 
ozonide  was  decomposed  with  water  while  heating  on  a  water  bath.  The  producu  of  decomposition  were  extracted 
with  ether:  after  drying  and  removing  the  solvent,  a  syrupy  liquid  remained,  a  portion  of  which  was  woiiced  cp 
with  2,4-dinltropbenylhydrazine  solution  to  give  an  abundant  yzllow  precipitate  with  m.p.  117*  (from  alcohol).  A 
mixed  melting  point  test  with  the  2.4-dinliropbenylhydrazone  of  methylethyl  ketone  did  not  give  a  depression.  The 
remaining  ponion  of  the  ozonization  products  was  distilled  in  vacuum  and  gave  a  fraction  trith  b.p.  102-105* at 
23  mm  which  soon  crystallized  (m.p.  39*).  The  analysis  conesponds  to  that  of  6  ■chloropiopionic  acid. 

O.lOeegsub.:  0.1444  gAgCl.  Found  Ifc;  Cl  32.80.  C,Hp/:i.  Calculated  V  Cl  32.71. 

Ozonization  did  not  yield  any  products  other  than  methylethyl  ketone  and  6 -chlcropiDplonic  acid. 

SUMMARY 

1.  The  interaction  of  methylCLbylcyclopropylcarbicol  with  formic  acid  (pH  0.88)  was  studied. 

2.  It  was  established  that  this  reaction  proceeds  in  a  similar  manner  to  the  reaction  of  formic  acid  with  di- 
mcihylcyckjpropyl'arbinol:  it  differs  from  the  liita,  bcwevet,  in  that  a  mixtute  of  hydrocarbons  is  also  formed. 

3.  In  addition  to  the  hydrocarbons,  the  reaction  gives  5  substances:  a  primary  alcohol  —  3-mcthyl-3-hcxea- 
l-ol— aivl  its  formic  ester;  2,2-nietri>lethylt<ir3hyGrofuian;  a,«-meThylethylietrarncthy!ene  glycol:  and  the  partial 
<oimic  ester  of  the  glycol. 

4.  It  was  established  that  the  product  of  reaction  of  methylethylcyclopropylcarbinol  with  hydrochloric  acid 
is  the  umaturated  primary  chloride,  3-fnethyl-6<:hk.ro-34iexene,  whose  structure  was  confirmed  by  ozonization. 

5.  It  was  established  that  the  method  of  oxidatton  with  KMnO^  solution  of  ccr.. pounds  containing  a  secondaxy- 
leriiary  double  bond  does  not  give  accurate  tesulu. 

6.  The  glycol.  3-mcthylhexane-3,6-diol  ,  was  synthesized  for  the  first  time. 
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ADDITION  OF  AMMONIA  AND  DIETHYLAMINE  TO  OXIDES  Of 


THE  VXNTLACETTLENE  SERIES 
F.  Ta.  Pctvee?  aad  N.  1.  XudryaaliOTa 


Numemut  Investigatlont  have  beea  devoted  [1]  to  the  additioa  of  ammonia  aad  amlnei  to  « •oxidea; 

up  to  now.  however,  the  addition  of  ammonia  and  amines  to  a  oxides  of  the  vlnylacetylealc  series  has  wt  beea 
studied.  We  considered  It  was  necessary  to  study  the  influence  of  the  vlnylacetylene  radical  upon  both  the  leactlv 
Uy  of  oxides  and  the  order  of  addition  of  ammonia.  The  compouodi  investigated  were  2’mediyloxido*l,2‘hexen* 
S-yae-^fD,  3-methyloxldo-2.3-hepten*€>7ne>4  (11)  [2]  and,  for  comparison,  the  saturated  oxide,  2-mediyloxido- 


1.2*hexane  (III). 


A 

-QCH,)-C 


CH,=CH--CiC-C(CH,)-CH> 


-<i(CH^ 


CH^H-CiC-C(CH|)-CH-CH, 


(0 


A 

:(CH,K 


C^Hs-CCCHjKH* 

(m) 


(H) 


In  the  reaction  of  the  oxides  with  ammoiua,  it  was  established  that  the  velocity  of  addition  of  ammonia 
depends  on  the  suoctutal  features  cf  the  oxides.  For  example,  with  oxide  (f)  at  the  o>’dlrury  temperature  the 
reaction  is  completed  in  8  hours.  In  these  condhions  oxide  (11)  reacted  only  to  the  exxatn  of  50lt  in  8  days.  The 
satu;ated  oxide  (III)  practically  does  not  react  at  ractn temperature.  The  reaction  proceeds  to  completion  only 
on  beating  in  a  sealed  tube  fa  20-25  hours  at  100*. 

The  addition  of  dleibyUmlne  to  oxide  (D  proceeds  sicwiy  mere  than  that  of  ammonia  (over  a  period  of  46 
hours,  1/  3  of  the  original  amcont  cf  oxide  reacted).  Addition  of  alkaline  c<ttalysu  has  practically  no  influence  on 
the  rate  of  addition  of  ammonia  and  diethyla.miite. 

The  following  method  was  adopted  for  prcparatioc  of  the  ami  noalcohob:  To  a  3^  aqueous  solution  of 
ammonia  (5-fold  excess)  with  continuous  stirring  at  room  temperature  was  added  the  oxide.  The  duration  of  stir* 
ring  was  rtiemioned  above.  In  the  absence  of  Intensive  stirring,  the  uiuaturated  oxides  react  with  ammonia  to  form 
resim,  and  hydroxyamtnes  could  not  be  isolated. 

The  physical  consums  of  the  prepared  compounds  are  set  ibnb  in  the  table. 


The  prepared  unsaturated  hydroxyamines  are  liquids  with  an  unpleasant  odor,  readily  soluble  in  water,  ether 
and  alcohol;  they  polymerize  even  when  kept  in  a  sealed  iut*e.  l-Amlno-2-mcihyl-2-bydtoxyhexeae-6-yne-3  (!') 
crystallizes  on  keeping  {m.p.  44.5-46.5*). 


The  prepared  hydroxyamines  ate  thermally  unuable;  they  decompose  completely  when  heated  In  a  vacuum 
at  above  140*;  they  do  hot  form  plcratet. 

l-Amlno-2 -methyl -2-hydroxyhexen-5-yne '3  (!')  is  completely  hydrogenated  over  Raney  nickel  In  an  auto¬ 
clave  at  a  pressure  of  122  atm.  and  a  temperaliae  of  50-55*  At  the  ordinary  temperature  and  pressure  hydrogena 
tion  over  Raney  nickel  proceeds  very  sluggishly. 


Reaction  of  C4H,-C(OH)  -CHjNHj  with  o -naphthylisocyanate  gives  a  crystalline  product  with  m.p.  115- 

(!h, 

116*  (a  urea  derivative).  A  mixed  melting  test  of  the  urea  derivatives  prenared  from  the  product  of  hydrogenation 
of  the  uiuaturated  bydioxyamine  and  the  saturated  amlnoalcohol  (III')  did  not  give  a  depression. 


The  Identity  of  the  physical  constants  of  the  product  of  hydrogenation  and  those  of  l-«mlno-2-methyl-hexa- 
nol-2  and  the  absence  of  a  depression  in  the  mixed  melting  test  are  evidence  of  the  identity  between  the  two  sub¬ 
stances.  On  this  basis  we  ttiay  assume  that  the  addition  of  ammonia  to  unsaturated  oxides  follows  the  K.  A.  Krasusky 
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Formula 

a.p.  (t:) 

mi 

d? 

MRd 

4 

imsmm 

OH 

r.  CH,  =  CH-C=i-C-CH,NH, 

1 

91-92  (4  mm) 

1,5165 

1.0078 

96.4 

37.5 

OH 

1 

n*.  CH,  =  CH-C^-CHNH*-CH, 

97-98  (7  mm) 

1.5061 

0.9771 

41.62 

42.41 

^  ^H, 

OH 

1 

m*  C^-C-CHfNHt 

85*66  (  7  mm) 

1.4540 

0.9045 

39.47 

39.29 

CHt 

IV.  Ptcduct  of  complete  hydrogena¬ 
tion  of  (I*). 

69-70  (3  mm) 

1.4545 

1 

0.9095 

39.47 

39.11 

r  H 

V  CH,  =  CH-C=C-C-CHtN( 

92-93  (7  mm) 

1 

C.8915 

55.99 

57.36 

<!h.  1 

i 

[ 

1.4762  j 

1 

rule  [4]  (the  oxide  ring  U  broken  at  toe  moa  hy<*rogenatetl  atom  of  caibot:} 

The  laturated  oxide  (ni)  wai  synthesized  by  the  Grignard  mcrtiod  by  the  action  of  chloroaceione  on  biayl- 
magnesium  bromide.  The  chloroacetone  vas  added  quickly  to  the  reaction  rriixiice  In  the  coirse  of  a  few  niinutes 
^uh  coolli^  to  -iO  to  - 12*.  Slow  addition  of  the  chloroacctoae  with  lets  inretuive  coclmg  leads  predou.lnately 
TO  an  alcohol  with  Ugh  molecular  weight  [3]. 


EXPERIMENTAL 

Preparation  of  1 -A  m  Ino -2 -met  hy  1 -2  hydroxyhexen  5-yne  ^  (I*? 

200  ml  33^aqueoiB  solution  of  ammonia  was  placed  in  a  round -bottomed  flask  fitted  with  mechaniral  stir¬ 
rer  and  mercury  seal.  Addition  was  then  made  of  25  g  2'methyl-oxidO'l,2*hexeQ-5-yne-3  [2],  The  reaction  mix 
ture  was  stirred  for  several  hours  at  room  tempera! ize.  The  reaction  was  assumed  to  be  at  an  end  when  the  oxide 
had  completely  dissolved.  The  water  and  exceu  ammonia  were  taken  off  in  vacuum  and  the  residual  dark-brown 
liquid  dissolved  in  ether.  The  ethereal  solution  was  dried  with  MgSO^.  the  ether  was  removed,  and  the  product  dif- 
tilled  in  vacuum.  Yield  20  g  hydroxyamine  (69^). 

0.2C80.  0.2Y29g  substance:  24  6,  24.8  ml  NjClC*.  7CC.8  mm).  0.1379,  0.1151  g  substance;  58.1,  47.7 

ml  CH4  (14.5*;  761.8  mm).  Found  5*:  N  10.8,  10.7  active  H  1.739,  1.750.  CTHiPfL.  Calculated  5»: 

N  11.19;  active  H  1.613 

Hydrogenation.  9.5  g  hydroxya.mine  was  dissolved  in  methyl  alcohol  and  hydrogenated  over  Rar^y  nickel 
in  a  rotating  autoclave  (volu-me  350  ml)  at  50-65*  and  an  initial  pressure  of  122  atm.  After  4  hours'  hydrogena¬ 
tion  the  pressiac  bad  dropped  to  91  atm.,  and  It  then  remained  constatu  for  an  bout.  Hydrogen  absorption  was 
10,850  ml.  ‘lydiogenation  of  the  double  and  triple  bond  requires  10,500  ml  hydrogen 

After  driving  off  the  methyl  alcohol,  the  product  was  dried  and  distilled  in  vacuum. 

0  1521,  0  1439  g  iuhsunce:  14.25.  13.4  ml  N,(18*.  761.8  mm).  Found  N  10  68.  10  83.  CtHjPN. 

Calculated  N  9.68. 

With  a  -naphihylisocyanate  In  ligroine  the  substance  forms  a  crystalline  urea  derivative.  After  rec ry stall iia- 
tion  from  benzene  the  whue  crystals  had  m.p.  115-1 16*. 

0,1208.  0.1282  g  substance;  10.0  ml  N,  (19*.  760  mm).  10.35  ml  N,  (18*.  763.3  mm).  Found  N  9.55. 

9.40.  CyHjpi.Nj  Calculated^:  N  8.33. 
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Preparation  of  2 -Amino-3-methyl»3-hyJroiiyhepten-6-yne  4  (U*) 

The  reaction  was  conducted  at  described  above. 

Reactants  were  100  ml  33S»  aqueous  ammonia  and  10  g  S-methyloxido  2.3^pten<€'yne<4.  Stirring  was 
continued  for  8  days.  Yield  5  g  (Afh)  hydroxyamine. 

0.1318,  0.1401  g  subsunce:  11.8,  12.7  ml  N,(18*.  747.1  mm).  0.1175  g  subsunce:  41.8  ml  CH4(16* 
747.1  mm).  Found  N  10.21,  10.33;  active  H  1.463.  C,H,^N.  Calculated  It;  N  10.06;  active  H  1.448. 

Preparation  of  2-Methyl‘Oxido-l. 2-hexane  (III) 


To  0.75  mole  biiylmagnetium  bromide  in  ethereal  solution  was  added,  with  stirring  and  cooling,  60 
g  chloroacetone  over  a  period  of  9  hours.  After  decomposition  with  3C^9>  acetic  acid,  the  ethereal  solution  was 
separated  and  dried  with  MgSO^;  the  ether  was  removed  and  the  residue  distilled  in  vacuum  (5  mm)  at  66-67*. 

n 5  1.4500;  d|f  1.0043.  Found;  MRp  40.3,  Calculated;  MRu  40.92. 

0.2831,  0.2717  g  subsunce;  0.2777,  0.2575  g  AgCl.  Found  It;  ci  23.39,  23.45.  C,H,^Oa.  Calculated 
It:  Cl  231531 

The  prepared  chlordiyirin  was  dissolved  in  ether  and  by  ueatment  with  pulverized  KOK  gave  the  oxide  (m) 
with  b.p.  135-136*  at  762  mm. 

nj  1.4111;  d^  0.8304.  Found  MRjj  34.15.  C^jp.  Calculated  33.97. 

0,lCi8.  0.1032  g  subsunce;  0.2742,  0.2775  g  CO,;  0.1146,  0.1149  g  Hfi.  Found  It;  c  73.51,  73.39; 

H  12.60.  12.45.  CjHjfi.  Calculated  C  73.63;  H  12.36. 

Preparation  of  2  I.!ethyl-2-butyl-2-hydtoxyethylamine  (III*) 


A  mLnure  of  20  g  of  the  saturated  oxide  (IH)  and  bO  ml  3C»  aqueois  ammonia  in  a  sealed  tube  was  heated 
at  100*  for  2C  25  hours.  After  driving  off  the  excess  of  ammenia  and  water,  S  g  iminoalcohol  was  isolated. 

0,1C50  g  tubsurce;  12.7  ml  N,  "17*.  75a.2  mm).  0.1435  g  subsunce:  54.4  ml  CHsClO.b*  757.8  mm). 
Found  *5?:  N  10.78;  active  H  1.535.  C,HflON.  Calcuiatcu  %  N  10.68;  active  H  1.536. 

Reaction  of  a -fiaphrhyl isocyanate  in  li&roine  with  the  oydroxyamine  gave  a  urea  derivative  -a  crystalline 
subsunce  with  m.p.  109-1 IG*  (from  benzene). 

Condensation  of  2 -Met  hy  1 -o  xido  •  1. 2 -he  xe  n-5-y  oe -3  (I)  with  Diethylamlne 


To  an  aqueous  solution  of  50  ml  diethyiamine  was  added  15  g  cxide  (I).  The  mixture  was  left  for  46  hotn 
at  room  temperature  a.nd  shaken  from  lime  to  time.  6  g  unreacted  oxide  and  10  g  tertiary  amJjsoalcohol  (V)  were 
isolated.  When  the  oxide  was  kept  in  co.TiiCi  with  diethylamlne  fox  96  hotrs,  the  yield  of  aminoalcohiol  increases 
to  85.8^ 

0.1535  g  subsunce:  20.6  ml  CH4.(15*.  767.3  mm).  0.2107  g  subsunce:  13.2  ml  N,  {16*.  762.4  mm). 

Found  active  H  0.570;  N  7.76,  Cx^HyPN.  Calculated  5>:  active  H  0.5^;  N  7.73. 

SUMMA  RY 

1.  Reaction  of  the  oxides  2'mcthyl-oxido-l,2-hexen‘&'yne  '3  and  3-methyl -oxido-^, 3  hepten‘€-j'ne-4  with 
ammonia  gave  the  aralnoalcohols:  l-amlno-3-methyl-2-hyd:oxy-hexcn-5Tyne-3  and  2-amino-3-methyl  3hydroxy- 
heptcn-6-yne-4. 

2.  Reaction  of  2-mcthyl  oxido-1.2-hexen-5-yne^  with  diethylamlne  gave  a  tertiary  aminoalcohol  of  the 
vlnylacetylenic  series. 

3.  It  was  established  that  the  velocity  of  addition  of  ammonia  in  the  given  conditions  depends  on  the  suoc- 
tursl  characteristics  of  the  oxides. 

4.  On  the  model  of  l  amlno-2 -methyl -2-h>’droxyhexen-57ne  3  it  was  shown  that  ammonia  adds  on  to  oxides 
of  the  vlnylacetylenic  series  according  to  the  K.  A.  Krasusky  rule. 
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DTES  CONTAINING  ANTIPTRINE  NUCLEI.  Ill 


O.  F.  Giasbarg 


Imeraction  of  antipyrlne  with  benzaldehyde  is  known  to  give  diantipyrylphenylmethane  [1].  Expetimentt 
showed  that  also  other  aromatic  aldehydes,  such  as  o-,  m-.  and  p-nitrobeuzaldebydes,  a'Oaphthaldehydes.  p*chlon>* 
benzaldehyde  and  vanillin,  in  aqueous  or  aqueous -alcoholic  solutions  in  presence  of  hydrochloric  acid  react  with 
antipyrine  to  form  compounds  of  the  diantlpyrylaryl methane  series  (I),  like  diamipyrylphenylmethane  [2],  these 
compomds  are  leuco  bases  of  dyes  (U).  similar  in  structure  and  properties  to  the  basic  uiphenyl methane  dyes. 


(D  (ID 

Dyes  containing  antipyrine  nuclei  are  salts  and  resemble  the  basic  triphenylmcthane  dyes  P)  in  undergoing 
hydrolysis  ui  aqueous  solution,  in  the  case  of  the  dye  krujwn  as  anupyiine  orange,  to  take  an  example,  this  hydro¬ 
lysis  may  be  represented  by  the  fcllowinf  scheme: 


(EQ) 
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A  study  of  the  acid -Use  eqaUibrium  in  aqueoui  solutions  of  dyes  conulning  nniipyrine  nuclei  enabled  de¬ 
termination  of  tbeir  hydrolysis  consunta  (H, |  and  in  turn  of  the  disiociatloa  consunu  (K,)  of  the  carbonyl  cot- 

pouixis  formed  from  these  dyes.  The  dau  ate  set  fonh  In 

Table  1. 


TABLE  1 

Name  of  compound 

Dlamipyrylphenylcatbinol  f3] 

2.88  •  10** 

Diant  ipyry  1  -p<hlotopheny  1- 
carbinol . 

1.05  •  lO** 

Diantipyry  l-p-niuophenyl - 
catbinol . 

3.17  •  10*“ 

acetone. 


Examination  of  the  ubulated  data  shows  that  the  In¬ 
troduction  into  the  phenyl  group  In  the  para-posltioa  to  tte 
central  carbon  atom  of  a  nltro  grouper  of  a  chlorine  atom 
very  considerably  lowers  the  basic uy  of  the  carbino!  and, 
consequently,  increases  the  hydrclysis  of  the  conespondiitg 
dye.  K  is  also  noteworthy  that  although  the  basicity  of  dl- 
antipyryl-p<hlotophenylcarbinoi  is  hi^er  than  that  of  dl- 
antlpytyl-p-oiuophenylcarbinoi,  the  dye  formed  from  the 
laiicr  nas  a  lainci  ocepw  wwi  vri*.  x,  -/  w.«.  Jic  dye  obuined  from  dumipyryl-p<hlo«>Ph«n>icaiblMl 
(Fig.  1,  curve  b).  A  study  was  also  made  of  the  hydrolysis  of  dyes  contauiing  arulpyr,aie  nuclei  In  60^  aqueous 

The  dau  set  forth  in  Tables  2  and  3 
show  that  hydrolysis  of  the  dyes  in  6(fft 
aqueous  acetone  is  ap^oximately  10  tunes 
greater  than  in  water. 

As  was  already  no^ed  In  the  pre¬ 
vious  communication  [2].  addition  of  caus¬ 
tic  alkali  solution  to  a  solution  of  dyes 
tv.uair.ing  anttpyrine  nuclei  is  accom¬ 
panied  by  The  prienomenen  of  "slow  neuua- 
?icaiion"  Tn  Fig  2  is  plotted  the  change 
of  pH  oi  the  solution  observed  on  adding 
0.1  N  ftfCH  to  a  solnricn  of  anttpyrine 
Oikugz.  The  uppei  Luive  t.lAr&irferiucs 
the  pHcf  the  rf-Iutton  observed  immedi¬ 
ately  after  addition  of  each  pof.ion  of  alkali:  the  lower  one  shows  the  pH  of  the  solutioc.  after  20  miRaies.  The 
change  of  pH  of  the  solution,  as  follows  from  inspection  of  equation  (Hi),  u  asw>:iated  w-rr.  me  estabi-shmeru  of 
equilibrium  in  the  solution. 


EXPERIMENTAL 


1.  Diantipyryl-o-nltrophenylmethane 

Bate  To  a  solution  of  3.76  g  amipyrine  (0.02  mole)  and  1.61  g  o-r.;troben2aldehyde  (C.Ol  mole)  in  15  ml 
clcoiiol  is  added  8  rrJ  hydrochloric  acid  isp  gr.1.17).  After  an  hour  26  ml  watei  is  added  and  the  alcohol  is  driven 
off  by  heating  The  following  day  the  reaction  mass  is  diluted  with  twice  the  a.niour.i  of  water,  A  {vecipitate  ra¬ 
pidly  forms  and  the  whole  mass  thickens.  The  precipuate  is  filtered  off  arid  treated  wuh  dilute  sodium  carbonate 
solution  wliile  heating.  3.60  g  base  wuh  m.p.  207-209*  is  obtained.  Yield  cy’h  of  the  theofetical.  After  two  ciytial- 
lizittons  from  toluene  the  m.p.  is  214-215*.  Further  ctystalllzation  did  not  raise  the  melting  point. 

0  1196  g  substance.  14  3  ml  N.  (18*.  760  mm),  C.1259  g  substarure:  15  2  ml  (IS*.  759  mm).  0.1322  g 

substance:  0.3321  g  CO,:  0.06 4T  g  Hp.  Found C  €8.50;  H  5  48:  N' 13.82.  13. 53  C?lt  ui3tcd 

C  68.35;  H  5  34;  N  1178. 

Hydrochloride.  This  salt  crynallizes  from  3^  hydrochloric  acid.  M.p.  (with  decomposition)  125-126*. 

The  hydrogen  chloride  content  of  the  salt  is  determined  in  aJl  the  experiments  oy  potent lomeirir  titration 
of  the  aqueous  acetone  solution. 

0.14 /O  g  subsunce,  2.65  .ml  0.1  N  .*«OH.  0.1531  g  suhsunce:  2.89  ml  0  1  ff  ^CaOh  (T  C  0  )401).  Foiuvd 
HCI  6.58,  6,69.  HCl.  Calculated ‘j*:  HCl  6.69. 

The  pictate  of  the  base  crystallizes  from  alcohol;  m.p.  163-164* 


0.0961  g  fiDSUnce:  12.6  ml  N,(20*,  762  mm).  0.0997  g  subsunce:  13,8  ml  ^^(^0*  760  mm).  Found  %i 
N  IS. C6,  15.54.  OlcuUtedlb.  N  15.17. 

2.  Din  ntlpyryl^m-nltro  phenyl  me  thane* 

The  hue  U  prepared  by  the  tame  method  as  for  dUmipyryl*o-Ditropbeaylmethane.  Yield  97lb  of  the  theo* 
reticaL  After  cryttallizetlon  from  toluene.  m.p.  214*. 

0.1880  g  subsunce;  0.34SS  g  CO,;  0.0663  g  H/).  0.1290  g  substance:  0.3228  g  CO^;  0.0628  g  Hp. 

0.1265  g  subsunce:  15.1  ml  N,  (20*  758  mm).  Found  •h  C  68.58.  68.29;  H  6.38,  5.40;  N  13.66. 
C^tP^  Calculated  1b:  C  68.35;  H  5.34;  N  18.78. 

Hydrochloride.  Crystallizes  from  hydrochloxic  acid.  M.p.  with  deco mposiUon  at  1 '.9*180*. 

0.0977  g  subsunce:  10.4  ml  N,  (23*.  755  mm).  0.9486  g  substance:  0.2278  gAgCL  0.3018  g  subsunce: 
5.21  ml  NaOH  (T  0.00404).  Found  It:  N  12.20;  Cl  5  95;  HCl  6.38.  C»Hn04N5  •  2Hp  •  HCL  Calculated 
1b:  N  12.03;  Cl  6.09;  HCl  6.27. 

Plcrate  of  the  base.  M.p.  237*  (&om  alcohol). 

O.lSll  g  substance:  17.2  ml  N|(16*.  751  mm).  0.1148  g  subsunce:  15.3  ml  N,  (17*.  751  mm).  Found 
It:  N  15.11,  15.28.  C^HcO^N,- C,HAN».  Calculated  1b:  N  15.17. 

3.  Plant ipytyl-a  -naphtbylmethane** 

The  procedure  was  the  same  as  for  diantipyrylo-nitrophenylmethane.  Yield  92.5^  of  the  theoretic aL  A&er 
crysuUlzatlon  i:om  toluene,  alcoliol  or  acetone,  m.p.  254*. 

0.1123  g  subsunce;  10.7  ml  N,  (23*.  760  mm).  Fomd;  M  520.5;  1b:  N  10.87.  C„H,P,N4.  Calculated  • 
M  514.5;  1b:  N  10.88. 

4.  Ditniipyryl-p-p  it  ro  phenyl  me  thane 

Ease.  To  a  solurusr  of  10.28  g  anapyrine  (0  06  mcl'i)  m  20  rul  coacenL'eUd  hydicchJoiic  icin{spgr.  IIS)  is 
added  a  soiutioaof  4.5Sg  p-niacbenj.aidehyde  (O.OS  mole)  in  15  ml  alcouOl.  Tne  iiexi  day  the  pcccipifite  is  fil¬ 
tered,  30  ml  water  is  added  to  the  filtrate  and  the  aicoxicl  u  dti‘*en  off.  Aa  addiiicna!  amc.’a»  of  salt  comes  down 
arai  »  combined  with  ihr  first  portion.  The  salt  is  decomposed  with  dilute  hiaOh  solutusn  arvi  11.22  g  'rase  is  ob¬ 
tained  or  74.^  of  the  theoretical.  M.p.  232' (from  alcohol). 

0.1iP3  g  iiisunce:  0.2921  g  CO,;  0.0568  g  rip.  0.1300  g  substance:  15.9  ml  N;  (21*.  752  mm).  0.1189  g 
iiisunce:  14.5  ml  N,  (21*.  752  mm).  Fouol  1b;  C  68.51;  H  5.47;  N  13.76;  13.71.  Caicuuied 

C  63.35;  K  5.34;  N  13.73. 

Hydrochloride .  Crystallizes  from  3^  hydmchloiic  acid.  Melu  with  decompositicn  at  218-221*. 

0.1913  g  subsunce:  3.42  ml  0.1  N  NaOH,  0.2061  g  subsunce:  3.71  ml  0.1  N  NaOH  (T  0.00408).  Found 
*5::  HCl  6,66.  6.70.  C»Hr04N,  •  HCl.  Calculated  “i):  HCl  6.69. 

Plcrate  of  the  base.  M.p,  248-249*  (from  alcohol).  0.1161  g  substaivce;  15.4  ml  N,  (20*  763  mm).  0.1211 
g  subsunce:  16.2  ml  N,  (20*  762  mm).  Found  1b:  N  15.18,  15.38.  '  CpPyN,.  Calculated 

1b:  N  15.17. 

5.  Diantipyryl-p-chlorophenylmethane 

The  base  is  prepared  as  in  the  case  of  dunupyiyl-tJ-niaophenyline:hane.  Yield  66.3lbof  the  theoretical. 

After  crysiaUlzation  from  toluene -ligroine  (1  ;  4),  m.p.  169*. 

0.1281  g  subsunce:  12.6  ml  N,  (20*.  762  mm).  0.1139  g  substance:  11.3  ml  N,  (20*.  762  mm).  0.1315  g 
subsunce:  0.3361  g  CO,;  0.0661  g  Hp .  Found  C  69.70;  H  6.63;  N  11.37,  11.47.  C»H,p,Npi.  Cal¬ 
culated  C  69.81;  H  5.46;  N  11.24. 

The  hydrochloride  crystallizes  from  3%  hydrochloric  acid.  M.p.  with  decomposliion  201-203*. 

0.1400  g  substance;  2.60  ml  0.1  N  NaOH.  0.1731  g  substance:  3.08  ml  0.1  N  NaOH  (T  0.C0408).  Found 
5>:  HCl  6.83,  6.63.  •  HCL  Calculated  hCi  6.82. 

*The  preparation  was  earned  out  in  collaboration  with  Z.  Kh.  Majkazen. 

•  •  Preparation  of  diantlpyryl-a  -naphlhylmethane  and  of  the  plcrate  of  dtamlpyiyl-o  -naiAihylcarblnol  was  canled 
cut  in  collabofation  with  R  Ya.  Selezneva. 
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Plcrate  of  the  bate.  M.p.  218-220*(from  alcohol). 

0.1095  g  »»i)sunce;  13.0  ml  N,  (23*.  765  mm).  0.1125  g  sifcsunce;  13.1  ml  N,  (23*.  764  mm).  Feood 
li:  N  13.65.  13.50.  CaH^iN^Cl  •  Calculated^:  N  13.47. 

6.  Dia  ntlpyty  l*m-m  ethoxy  -p-h  yd  roxy  phenyl  met  haae 

Base.  To  a  solution  of  3.76  g  anilpyrinc  (0.02  mole)  in  15  ml  hydiochlosk  acid  fo.  gri.18) !»  added  1,62  g 
(0.01  mole)  vanillin.  The  latter  dissolves  quickly.  After  30  mln’ttes  15  ml  vaier  is  added.  The  next  day  the  pre- 
cipiute  U  fUtered  off.  and  dissolved  in  800  ml  hot  water.  To  the  resultant  solution  is  added  20  ml  20^  sodium 
acetate  solution.  The  white  precipUate  is  filtered  and  diled.  <86  g  base  is  obtained  oi  95^  of  the  theoretical. 

After  two  crystallizations  from  60^  alcohol,  m.p.  146-148*. 

0.1035  g  subsunce:  9.9  ml  Ng (20*.  755  mm).  0.1112  g  substance:  10.8  ml  Ng (20*  756  mm).  0.1318g 
tubsunce:  0.3402  g  CO^i  0.0709  g  Hp.  Found  5>:  C  70.25;  H  6.16;  N  10.97,  11.16,  C'aifisPaNa  Cal¬ 
culated  7k:  C  70.58;  H  5.92;  N  10.97. 

Hydrochloride.  It  crystallizes  from  2.SJ»  hydrochloric  acid.  M.p.  with  decomposition  125-126* 

0.25.55  s  si*>turKe:  4.70  ml  0.1  N  NaOH(T  0.00400).  0.2649  g  subsunce:  4.81  ml  0.1  N  NaOH  (T  H. 00400) 
Found  7k;  HCl  6.71,  6.67.  CgcHgP4N4*  HCl.  CalcuUted  HCl  6.67. 

Plcraie.  M  p.  208-209* (frem  alcohol). 

0.1013  g  subsunce:  11.8  ml  Ng  (22*.  765  mm),  0.1216  g  subsunce:  14.0  ml  Ng(21*  765  mm).  Found 
N  13.45,  13.33  Calculated^:  S  13.31. 

7.  Oxidation  of  the  Leuco  liases  to  Dyes 

C.95  g  Icuco  base  is  dis^lved  by  heatir>g  in  r-2  ml  15^  hyd.'Ochic:ic  a<  Id  and  to  Uir  boiling  sololJon  is  added 
a  few  crysuls  of  sodium  nitrite.  The  lolailon  ac  quires  s  deep^tange  cojO!.  Farmation  of  dyes  Is  observed  cu  oxi¬ 
dizing  the  loliowiiig  le-jcc  bases,  diarcipyryiphenylmcihane.  d?aiilip:ayl-c-tuia:>rhenyl0ic:i;ane.  dlantlpyryl-ir 
»ii'-;ophci.yl!aoiluiie.  dwntipsTyi-p-citicphenyinjctharde.  diampyxyl-p-chiorophenvinietnap.e.  dlanupyiyl-m-me- 
taoxYi>-hydrox>'piienylm»xhaac,  and  dicaiipyryl-e -caphibylmctharie. 

8.  Dlantipyryi-p-cltrophenylcarbiaol 

5  g  dian^ipyIyl-p^liuophenylITlelhane  hydrochionde  Ls  dissclved  with  heating  In  50  ml  cancenuated  bydio- 
chlaiic  aerd.  To  the  ho:  sclutton  is  added  0.5  g  iodium  niuiic  in  s:nall  portions  over  a  period  of  3-4  minutes,  fol¬ 
lowed  by  12  ml  nnric  acidtp.  gr.  14)  dropwise  over  a  peiod  of  10  mlnices.  After  adduion  of  the  whole  of  the 
nitric  acid,  the  solution  is  boiled  for  5-6  minutes  and  poured  into  150  ml  water.  The  orange  solution  is  fllteied  and 
to  the  iiltrare  is  added  1??"  NaCH  scluilrn  until  a  prec-puatc  appears.  Diopwise  audii,u)r.  is  then  made  over  a  period 
of  two  hours  of  2^  biaOH  soliiion  caul  ihe  reaction  is  alkaline  to  pherjolphirulein.  The  next  day  the  solution  with 
precipuaie  is  hea’ed  to  ihc  boil.  After  cooling,  the  preetpiute  is  filtered  aixl  diied.  yield  2.95gbase.  After  crysul- 
lization  fior.i  benzene-gasoline  (1  :  5)  the  m.p.  is  180-181*. 

0.1077  g  subsunce:  12.5  ml  N,  (25*.  768  mm).  0.1102  g  subsunce:  12.9  ml  Ng  (25*.  768  tnm),  0.1201  g 
subsunce:  0.2923  g  CO,;  0.0579  g  Hp.  Found'S);  C  66.37;  H  6.40;  N  13.X.  13.41.  CgjHgP^Ng.  Cal¬ 
culated  5=:  C  66.24;  H  5.17;  N  13.31. 

Fictate.  M  p.  ISO-lSa- (from  alcohol). 

0.1121  g  suhtunce:  15.0  ml  N,  (21'.  752  mm).  0.1183  g  subsunce:  15  9  ml  Ng  (20*.  750  mm).  Found 
7?.  N' 15  23,  15.31.  CgjHgp^N^  •  C^Hp-Nj.  Calculated  7k;  N  16.20. 

9.  Diantipyryl-p-chlorophenylcat  b  ino  1 

l.ic  pitpaxaiion  u  by  the  same  protedure  as  for  dianiipyryl  p-nlttophenylcarbinol.  Cysialllres  from  ben¬ 
zene  gaso'ine  (1  .  5).  M.p.  137-139'. 


0.1239  gsiibstan/e:  11.7  rr’.  N,  (20‘.  759  mm).  0.1268  g  subsunce:  12.1  mi  N<l2'*.  75.,  n.m).  0  1086 
g  substance;  0  2669  g  CO,;  0.0526  g  Hp  Found  7):  C  67.49;  n  5.54,  N  10  89.  10  93  Cg.HyO.Npi 
Calculated  7):  C  67.64;  H  5.28;  N  10.87.  *  • 

10.  Pi  crate  of  Diantipyryl-a-naphthylcatblnol 

oxidation  of  dlamlpyiyl-c-naphthylmcihanc  is  performed  in  ihc  umc  minne:  as  that  of  dUmipyiyl-rr 
^  narophenylmethane.  Horn  8  g  diantipyxyl-c -naphthylmethane  U  obtained  3.12  g  etude  base. 

I 

I 


TABLE  2 


Naniw  of  comp  ound 

1 

1 

1 

Weight  of  sample 
(8) 

!  0.1  N  HCl  (in  ml) 

pH  of  solution  of 

used  in  tiua- 
tion 

ic  .uired  ‘  y 
calculaticr.  ^ 

equimolar  mix- 
tue  of  dye  and 
carbinol 

Kh 

Diamipyryl-p-chlom- 
phenylcaxblnol . 

0.1049 

2.02 

2.04  ! 

6.10 

7.B5  •  10“^ 

Dianiipyryl-ptiiisD-  j 
phenylcarblnol . 

!  1 

^  0.1592 

1 

!  3.03  1 

3.04  { 

;  i 

4.62  1 

1 

j  2.40  •  lO"* 

TABLE  3 


Name  of  compound 

Wt.  of  sample  (in  g) 

0.1  N  HQ  solutixsn  (in  ml) 

pH  of  solotiaa 

Diamlpyryl-p-chloto- 
phenylcarblnol . 

0.0872 

0.85 

5.35 

8.92  •  10^ 

Dia  It  Ipyry  l-p*tUtBD- 
phenylcarblnol . 

0.1612 

1.54 

3.70 

1.98  •  10"* 

To  a  hot  solutioD-of  2  g  of  the  base  In  60  ml  alcohol  is  added  0.9  g  picric  acid  in  20  ml  alcohol.  The  netf 
day  the  red  ctystab  ate  filtered  off,  washed  with  a  little  alcohcl  aol  dried  at  90-100*.  Yield  1.9  g  picrate  with 
m.p.  235-236*.  Further  crvsullizations  did  not  change  the  melting  rcint. 

0.1040  g  aiijsunce:  12.1  ml  Nj  (21*.  756  mm).  0.1069  g  siimaace:  12.4  ml  Nt  (21*.  756  mm).  Found 

N  13.33,  13.29.  CjsHjPjN,.  Calculated  N  13.22. 

11.  Study  of  dissociation  of  the  Carbonyl  Compounds 

a)  A  weighed  atnouni  of  Cie  carbincl  is  dissolved  in  a  few  ml  0.1  N  hyd:ochloric  acid  and  the  .'solutioD  made 
up  to  a  volume  of  200  ml.  To  the  prepared  solution  of  the  dye  U  added  0.1  N  ftaOH  solution  in  quantity  sufficletu 
fa  transformation  of  the  dye  mto  the  carblnol  compound.  The  sclmion  gu.duaUy  dccoloiiaei.  The  obtained  car- 
binol  base  remains  in  solution.  After  an  how  the  titration  is  perfoimed.  Readings  are  taj<en  every  4-5  minutes  afie' 
addition  of  e.ach  portion  cf  hydrochloric  acid.  The  tUrated  solution  it  at  a  temperature  of  19*.  The  data  are  set 
forth  in  Table  2. 

b)  0.1293  g  dianripyxyl-p-chlorophcnylcaiblnol  IS  dissolved  in  8.00  ml  0.1  N hydrochloric  acid  solution 
(T  0.00365;  and  the  solution  is  mixed  with  192  ml  water.  To  the  obtained  hydiochioric  acid  solution  of  the  dye 
Is  added  6.72  ml  0.1  N  NaOH  solution  (T  0.00402).  The  pH  cf  the  solution  is  measured  after  2  hours.  The  pH 
of  the  equimolar  mixture  of  the  dye  and  the  carbinol  is  6.15  (t  19*);  K#  1.11  *  lO** 

c)  A  solution  of  0.1761  g  diaru.lpyryl-p-niiiophenylcarblnol  In  6.10  ml  0.1  N  hydrochloric  acid  (T  0.00365) 
is  mixed  with  194  ml  water.  The  solution  is  potemlemctrically  titrated.  Temperature  of  solution,  19*.  Readings 
are  taken  on  the  average  every  4-5  minutes  after  addition  of  the  panicular  portion  of  NaOH  solution.  Wlih  pro¬ 
gressive  addition  of  NaOH  solution  the  solution  loses  color  and  by  the  end  of  the  titration  It  is  colorless.  The 
formed  dlantipyryl-p-nitiophenylcaibinol  remains  in  solution.  Formatio.n  of  diaritlpyryl-p-niirophenylcarbinol  re- 
qun'ed  3.36  mi  0.1  N  NaOH  (T  0.00402).  The  calculated  amount  cf  NsOH  solution  with  T  0.00402  is  3.3d  ml; 
the  pH  of  the  equimolar  mixture  of  dye  and  carbinol  u  4,60.  Dtssocuiion  coiistani  ai  K*  3.16  *  10“**. 

d)  A  weighed  amount  of  carbinol  Is  dissolved  In  70  ml  BCfh  aqueous  acetone.  To  the  obtained  solution  is 
added  0.5  equivalent  of  0.1  N  hydrochloric  acid  solution  (T  0.00365).  The  pH  of  the  solution  is  measured  after 
2  hours  It  19*).  The  data  are  set  forth  In  Table  3. 

SUMMARY 

1.  Dlantlpyryl'O-nitrophcnylmethane,  dUniipyryl-m-niirophenylmeihane,  dianiipyryi-p-rutrophenylmethane, 
diantlpyryl-p-chlorophenylmeihane,  diantipyryl-c -naphthylmeihane  and  diatuipyryl-m-methoxy-p-hydroxyphmyl- 
meihane  are  leuco  compounds  of  the  corresponding  dyes. 

2.  Iruroductlon  of  a  nitro  group  or  chlorine  Into  the  molecule  of  diantipyryl-phenylcarbinol  in  the  para- 
position  to  the  central  carbon  atom  lowers  the  dissociation  of  the  hydroxyl  group. 


3.  Hydrolysis  of  dyes  conuining  tntipyrlne  ouclei  in  60^  aqueous  acetone  is  approximately  10  tiniea 
great  as  fn  water. 
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INTERACTION  OF  A  MINOTRLART  LCA  RBINOLS 


WITH  ORGANOMAGNESIUM  COM|ODNDS 


O.  F.  Ginxbsrs 


Ii  is  known  that  magnetium  alcoholatet  in  the  nujoiity  d  cases  do  not  undeigo  furtbes  uansformations  under 
the  influence  of  oiganomagnesiuro  compounds  and  ^he  liierature  culj  nsentions  a  few  cases  of  reaction  between  mag 
nesium  alcoholates  and  ciganomagnesium  compounds,  leading  Htn—^eiy  to  subsiuution  of  the  akoholue  group 
OMgX  by  a  hydrocarbon  radical  [1].  Bearing  In  mind  that  in  amlaecr^^enylcarbinols  the  mobiiuy  of  the  hydroxyl 
groups  is  especially  great  and  many  times  greater  than  the  raobili:?  of  tne  hydroxyl  groups  in  akohols.  u  might 
be  expected  that  also  the  O-magnesium  derivatives  of  amiootripcecjjcaxbinoh  will  readily  decompose  with  tup' 
ture  of  the  carbon  oxygen  bond.  Expenmetus  confirmed  this  suppoerrson.  Thus,  for  example,  on  mixing  phenetole 
solutions  of  4,4',4"-hsxamethylriiartunO'iripi)enykarbinol  and  meriylmagacsiun  iodide,  apart  from  evolution  of 
methane,  the  formation  is  observed  of  a  dye  which  partly  remains  in  solution  and  imparts  to  the  latter  an  intense 
color.  Fermation  of  a  dye  shows  that  decemposuioa  occurs  ut  the  reatrtion  mass  of  the  magnesium  denvative  of 
4.4'.4*+.exiimethyltrlamLoo-uipbenylcajbinol.  This  decompowuuic.  day  be  represented  by  the  following  scheme: 


iCH,),  N 


C  -  Nmigl  ♦  CHi 


vJ 

^CH, 

-C  -  NH,  +  Klg"  - 

\ 

L  J 

'  I 

and  there  is  alsocbulncd  crysul  violet  which,  in  presence  of  methylinagneiiuir.  iodide  in  the  leactlom  mass,  enters 
into  reaction  with  the  Utter  with  formation  of  the  above <.»entioned  a.o.«<ri5M.p<limcwyUimnophenyl)<thanc. 

DC  when  methylmagncsium  iodide  acu  on  «.anUino^4*-blsdlmethylamlnotriplrenylmethane  at  room  leraperatore. 
as  would  be  anticipated,  no  methane  evolution  is  observed  but  maUchite  green  is  formed.  The  latter  gradually 
enters  irao  reaction  with  methylmagncsium  iodide  to  form  the  above-noted  fl.phenyW.«-bU.(diraeihyUmiiio- 
phenyl)<thane. 

Consequently,  organomagnesium  compounds.  Uke  strong  acids,  decompose  amino  bases  and  convert  them  In¬ 
to  dyes. 

EXPERIMENTAL 

j  Determination  of  active  hydrogen  was  carried  out  by  the  Chugaev-Tsetevitinov  method  In  phenetole  solu¬ 
tion  at  room  temperature.  The  data  obtained  are  set  forth  in  the  table. 


No.  of 
prepara- 


Name  of  subsrance 


Wi.  ig) 


•  CH^  (0*.  760  mm)  (in  ml) 
•evolved  in  '  '  caicoUted 

{20  min. 


Color  of  reaction 

mau 


1 

‘  4,4'-Temnirethyldiamfno- 

f.  0.1963 

'  12.2  i 

12.7 

■  1 

Green 

iriphe  nylcarbinol 

1  0.2010 

;  12.1 

13.0 

.  < 

2 

4.4’.4*-Hexamcthyloi- 

[  i  0.2142 

104 

12.3 

■  1 
f 

*  J 

Violet 

a  minotriphe  nylcarfa  mol 

[10^^49  1 

10.6 

12.4 

1 

r  0.2561 

ll.S 

12.0 

Orange 

3 

Di  a  ni  i  pyry  1 -phefryif  *rti  ino  1 

\  •  0.2137  i 

I  9.2 

10.0 

1  i 

4 

‘  9-Fhenyl-9-hydroxy*10-meihyl- 

'‘0.2653  1 
!.  1  0.2581  j 

!  18.0 

20.6 

!  ? 

Light -b.'Own 

9,10  -dihydroacridine 

17.4 

20.2  1 

1  ; 

1 

5 

a  -A  mixK*  -ti  is  -  (p-d  imeihy!  - 

,  ‘  0.2061 

10.4 

1 

1  V 

Violet 

a  minophe  nyl)  -m  ethane 

V  0.2012  i 

10.0 

11.6  j 

!  ^ 

6 

fl-Anilino-aLs-(p-dlmeU!yl- 
ami  nophenyl)  methane 

'  i 

;  0.2185  j 

i 

1  ; 

■  ”  •  i 

Violet 

7 

a  -Anilino-4.4*-bu-dimcthyl- 
a  miaot  riphe  nyl  ractha  ne 

.0.1913 

1  1 

•  1 

I  1 

I  ■  ! 

Green 

2. 

fl  •Ani]ir.o-trit-(p-dimethy;aminophenyl)-metl.ane.  A  mixture  of  0.50  g  of  the  methyl  ether  of  4,4*.4" 

methyiuismi.iotrip.^£ny:carbinol  (m.p.  158*;  and  0.60  g  aniline  is  heated  for  2  hoi-rs  at  135-145*.  The  melt  is 
coded  and  di&>olved  in  15  ml  ether  and  the  soluiion  coded  to  0*.  A  white  cjysuUlne  precipitate  soon  appears  and 
Is  filtered,  well  washed  with  ether  and  dried.  Yield  0.30  g  of  subsunce  with  m.p.  169-190*. 


0.1132  g  substance;  11.8  ml  N,  (20*.  767);  0.1167  g  substance:  12.2  ml  Nj  l20*,  768).  Found  N  12.14, 

12.19.  C,iH„N4.  Calculated  N  12.05. 

3.  a  -Phenyl -e.c  -b:s- (p-dLmcthy]amlnophenyI)-ethane.  a)  To  a  boiling  solution  of  2.42  g  4,4'-<euamethyl- 
diamino-triphcnylcarbincl  in  60  ml  ether -toluene  (1  :  2)  is  slowly  added  from  a  dropphtg  funnel,  with  stirring,  an 
ethereal  sdutic.T  cf  nicrhylinagnesiiLm  iodide  prepared  from  0.85  g  Mg  and  4.96  g  methyl  iodide.  The  first  10  ml 
of  solutwn  Is  ru.n  in  In  the  coune  of  30  minutes.  After  standing  for  an  hour,  further  addition  of  the  ethereal  soluiion 
of  mcthylmagnesrum  Iodide  u  effeaed  diopwise  at  the  rate  of  20  ml  soluiion  in  2  hours.  After  again  suixling  for 
an  hour,  the  rerr.autrng  20  ml  solution  Is  Inuoduceddropwise  in  the  course  of  40  mlr.ures.  The  reaction  mass  is 
then  stirred  and  heated  for  12  hours.  After  decomposition  of  the  reaction  mass  wUh  ice.  the  cther-ioluenc  solution 
1$  separated  from  the  aqueous  layer.  The  aqueous  layer  and  also  the  obtalneo  precipitate  axe  treated  twice  with 
small  portions  of  ether  which  are  then  adeed  to  the  mam  ether -toluene  solution.  The  latter  1$  then  treated  with 
three  portions  c.  100  ml  each  cf  1  ^  hydrochloric  acid.  To  the  resultant  aqueous  exrtacis  is  added  a  saturated  solu¬ 
tion  of  sodium  acetate;  the  precipiute  that  forms  is  filtered  after  4  hours,  washed  wiih  water  and  dried  at  80*. 

Yield  1.0  g  with  .m.p.  128-131*  After  2  crystallizations  from  methyl  alcohol  the  m.p.  is  134*.  A  mixed  sample 
with  a-phenyl-«.fl-bis-(p-dimethylamlnophenyl)-eihanc  (m.p.  134*)  melrs  at  the  same  temperature. 

b)  To  a  boiling  solution  of  2.39  g  a  ■*nilino-4.4’-bU-dimethylamrno-triphenyi-methane  in  60  ml  eihet-iolu- 
ene  r.alxture  (1  :  2)  is  s.owly  added  50  ml  ethereal  solutian  of  methylmagncsium  iodide  prepared  from  0.64  g  Mg 
and  3,8  g  methyl  iodide.  Synthesis  is  effected  at  described  in  3  a).  Yield  0.6  g  with  m.p.  132-13S*.  After 


t  7eo 


crysiallization  from  alcohol  the  m.p.  la  134*.  A  mixture  of  the  prepared  compound  with  e  ■pheayl^,c«bia*(p^i*’ 
nicthylaminopheiiyl}‘ethaiie  (m.p.  134^  melts  at  the  ume  temperature. 

4.  e.c ,a  •Tris*(P'dimethylaminophenyl)  ethane.  To  a  boUir^g  solution  of  1.56  g  4.4‘,4”-hexamethyltrUm- 
Ino  ■etiphenylcarbinol  In  60  ml  ether^oluene  mixture  (1  :  2)  is  slowly  added  50  ml  of  an  ethereal  solution  of  the 
methylmagnesium  iodide  prepared  from  0.59  Mg  and  3.41  g  methyl  Iodide.  The  synthesis  is  performed  as  dea* 
cribed  in  3  a).  Yield  0,72  g  subuance  with  m.p.  201*.  After  crystallization  from  methyl  alcohol  the  m.p.  is  209* 
210*.  Mixed  test  with  a,a.a-ctiS'(p-<limethylanuGophenyl)<ethane  (m.p.  209-210*)  gave  the  ume  melting  point. 

SUMMARY 

In  the  interaction  of  airiiuxriarylcarbinols  with  organomagneslum  compounds,  apart  fi  3m  hydtocarboiu,  dyes 
are  formed.  The  laser  are  also  prepared  by  the  action  of  oxganomagnesium  compounds  on  the  amino  bases  of 
triphenyl  methane  dyes. 
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SYNTHESIS  OF  [5-ETH  Y  LQUl  NUC  LI  D  Y  L-(2)  )-(P  YRID  Y  L  *(2)  3-C  A  RBINOL.  V 


M.  V.  Rubtsov  and  V.  A.  Voltkova 


Comparison  of  hydioquinioe  with  its  pyridine  analog  conuining  a  quiniiclidine  ting  in  the  4-posiiion  of  the 
pyridine  nucleus  [1] 


CH 

/  \ 

CHjCH,  CH-C,H, 

I  • 

:H0H-CH  CH,  CH. 

\i  y 

N 


snafaled  us  to  establish  that  rcplacem^ai  of  the  quiixjiine  nucleus  in  hydtcquiaine  oy  s  pyridine  nucleus  has  rela¬ 
tively  little  effect  on  the  cbcrnothetapeutic  activity  of  the  ptepaxaiion  It  was  interesting  to  ascetixin  the  eitCct 
on  the  aciivay  of  tlie  pyridine  analog  of  hydroquL-ine  of  iiansfei  cf  the  ethylquiii'iclydyl-hydrojcyniethyl  group 
fibin  the  4  position  to  the  2-posi.don  of  the  pyridine  nucleus. 

For  thu  purpose  we  synthesized  [5-ethylquini*:lidyl*(2l]-[pyr»lyl-(2))<arblnoL  starting  fiom  ethyl  picolinate 
and  ethyl  benzoylhomocincholoiponate.  Condensation  of  these  esters  gave  the  ketoettei  (I)  which  was  converted 
by  acid  saponification  into  ^S-r3-cthyIpiperid]^-(4))-ethyl}  -  [pyridyl-f2)]-ketone  (11). 


CHv 

/N  /  I  \ 

’  0  CH,  CH,CH-CH,-CH, 

i’  lit 

\/-CC^C»  CH^CH, 

HjCpOC  N-COC^ 

(I) 


A 


CH 

/'  I  \ 


‘\ 


CH,  CH,  CH-CH,-CH, 

1  I  ^ 

CO-CH,  CH,  CH, 

NH^ 


(II) 


CH,  CH,  CH  -  CH,  -  CH, 


V,  >-CHOH-CH  CH,CH, 


^j^>-CO-CH  CHjCH, 
(IV) 

CH,  CH,  CH  -CH,-CH, 

I  t  i 


/ 


(V) 
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Preparition  of  I5<thyl<piiniK:lidyi.(2)Hpy*«*yl*(2)H«afia^  (IV)  wai  canied  out  by  the  nual  method  via  the 
corresponding  C*faroiT)0  derivative  (110 

EthylqulnucUdyl-pyTldyl  ketone  (IV)  u  a  light -yellow  oil  which  dlttiU  In  vacuum  wUhom  decorapoaltioni  it 
exhibits  the  phcrwmenon  of  mutarouiion.  Tlie  carbonyl  giexp  of  this  compound  U  readUy  reduced  to  carbinol  by 
hydrogenation  of  the  dihydrochloiide  in  an  aqueous  medium  in  presence  of  palladium  black.  The  resultant  mU- 
ture  of  ttereolsomerlc  carhinols  (V)  U  isoUted  In  the  form  a  viscous  oil  wtorb  distilled  1r  vecuum  and,  like 
hydroquiniir,  is  uansformed  into  the  coaespooding  loxine  by  boiling  with  diliae  acetic  acid. 

Anempa  »o  resolve  the  stereoisomer ic  carbinoU  with  ^  help  of  d-tanarlc  or  d<amphorstUfonlc  acid  were 
unsuccessful;  the  mlxtiae  of  stereoisomers  was  therefore  subjected  to  chemotherapeutic  examination  and  found  to 
be  ijuctlve  in  avian  malaria. 

The  tests  were  carried  out  on  siskins  infected  wuh  Plasmodium  telictum. 

EXPERIMENTAL 


(“e  -  fS-Ethylplpetidyl- (4)l-ethyl>  -  fpyrtdyl- {2)l-ketone  (II) 

To  sodium  ethylate,  prepared  from  2.4  g  ntetallic  sodioan  powder  and  4.8  g  absolute  alcohrd.  in  an  ethereal 
medium  wu  added  wtib  stirring  15  g  ethyl  picolinate  and  IT  g  ethyl  .N'-beiuoylhomocinchotoiponate.  The  einer 
was  removed  by  heatmg  the  reaction  nuxtuie  to  80*  (bath  teriaperai ure)  and  the  mass  was  stined  at  this  tempera* 
tiae  for  4  bouts  On  cooUng.  the  mass  was  imxed  wnh  15C  cej  iced  watei.  The  unreacted  starting  materials  were 
extracted  with  ether  and  the  aqueous  solution  was  made  neuc^al  to  litmus  with  the  help  of  IC^  sulfuric  acid.  The 
oil  which  separated  out  wa»  exuacted  wtrL  ether  a&d  the  extract  dried  with  an^iydrous  sodium  sulfate.  After  driving 
off  the  ether,  12.47  g  (55.1^).^-p-ethyl-N-bcz2oyl-pipertdy:-i4)]-<x-ctibethoryeihyl3  -[pyridyl-(2)3-keione  (keto* 
ester)  was  ubtaiced  in  the  form  of  a  viscoin  dark*ted  oil. 

Wtrhout  funhe:  porification,  the  obtained  ketoester  wu  subierted  to  ketonic  cleavage  by  boiling  for  4  liours 
w.'th  tec  tunes  the  quantity  nf  17^  hydrochlotu  ac  sd.  After  r^ckolmg,  the  solu;.ion  was  washed  with  ether  several 
times  to  remove  bemolc  acid  and  then  mace  alkaline  wirh  eiccesc  of  50^  potatium  hydinxide.  The  resultant  oil 
was  exuacted  with  ether  and  tbe  eruact  dried  wuh  >3:asi..ucc.  carbonate.  Removal  of  the  ctrci  left  5.88  g 
»J)-p-et>iylpiperidri-(4)]  erhy.[}  -[py!idyl-{2)}*ket£kie  m  the  iorm  of  a  viscous  dark-yellow  cil.  For  the  purpose  of 
puriticatton  the  ketone  was  dissolved  in  10  rcl  absolute  alcoitol.  l.C5g  anhydrous  oxalic  acid  in  5  ml  absolute  al* 
cohol  was  added  and  the  solution  was  dtltsed  wnb  125  ml  drj  acetone.  After  a  lew  mirtutes  a  copious  crysalline 
ptectpiiate  had  famed.  Aftt.  standlrg  overrdghi,  the  prectpuiaie  was  filtered,  washed  vdth  acetorte  and  ether  and 
lecrystallizcd  from  a  small  quantity  of  alconol.  Yield  3.52  j  (44  rt*).  A  white  crysulline  powder  with  ra.p. 

175  5-177*.  readily  soluble  In  water  atKi  alcof-ol.  Insoluble  in  acetone  and  ether. 

2.739  mg  substance:  6  626  mg  COj.  ]  950  mg  rl|0.  -4  709  mg  substive:  O.SjSml  Nj  (22.6*,  726.6  mm). 

Found  C  6c  97.  H  7.96,  N  9.34.  (CcKaOSj),  •  Calculated  It;  C  66  94:  H  7.96;  N  9.61. 

The  base,  isolated  from  the  oxalate,  is  a  light -yellow  ciI,  readily  soluble  in  alcohol,  eiber,  acetone  and 
chloroform 

I5-Ethylquinuc  ltdyl-  (2)  l-rpyridyl-  (2)l-ketoae  (IV) 

To  a  solution  of  2.69  g^£'[3"€thyipipc:jdyl-(4)}-eihy^*-5)yridyl*(2))-ketone  in  19  ml  4^  hydrogen  btomlde, 
heated  to  60  .  was  added  1  74  g  bromine  in  S  ml  47^  hydrogs-.L  biomule  over  a  period  of  15  minutes.  When  the 
addition  was  ended,  the  teaction  mass  was  stirred  for  20  minutes  at  80*;  the  solution  of  the  obtained  biomoketone 
was  then  evaporated  in  a  vacuum  at  r**.  The  residue  (6  72  g.  v.as  mixed  with  a  solixion  of  12  2  g  sodium  bicar¬ 
bonate  in  6C  ml  water  and  60  .ml  chloroform.  The  rr.ixtuie  war  ihkkeii  for  2  hours,  after  which  the  chloroform  lay¬ 
er  was  separated  from  t.hc  aqueous  Uyer;  the  laner  was  extracted  wUh  chloroform  and  the  extract  combined  with 
the  mam  chlorota.m.  solution.  After  drying  wuh  potassium  ca.:bonaie  and  driving  off  the  chloroform,  a  bmwn  ml 
rem.ain^  which  was  riisilled  in  vacuum  (0  3  m.m)  to  give  1  T3  g  light -yellow,  viscous  oil  boiling  at  155-156*. 

Yield  of  the  theoretical. 


*^^^***^*  dissolves  readily  in  aicohol  eihci,  acecriie  and  chlaofcrm,  sparingly  in  water:  it  docs  not 
fam  crystalline  salts  wuh  hydtochloiic.  oxalic  and  picric  acuii. 


The  freshly  prepared 
♦  76.7*  (c  =  2. 086:  1  =  1). 


solution  in  9c^  alcohol  has  specirar  roution  [a  Ip  ♦  '^5.2*;  after  24  houri.  [al“  * 


\ 
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3.676  mg  substance:  9.916  mg  COgj  2.750  mg  H^.  8.487  mg  si^ttance:  0.375  ml  Ns(31.6*  728.6  mm). 

Found  C  73.56;  H  8.37;  N  11.54.  Cj^HiPN,.  Calculated  %  C  73.72;  H  8.25;  N  11.47. 

fS-EthylqulPuclldyl- (2)1-  [pyrldyl- (2)]-cafblnol  (V) 

To  a  solution  of  2.47  g  [5<ethylquinuclidyl-(2)]-{pytidy!'(2}}-keione  in  20.2  ml  1  N  hydrochloric  acid  was 
added  10  ml  2^  palladium  chloride  solution.  The  mixture  was  shaken  until  the  separated  orange  precipitate  had 
dissolved:  the  solution  was  then  hydrogenated  at  room  temperature  under  a  pressure  of  40.>60  mm  water 
After  the  hydrogenation,  the  solution  was  filtered  from  catalyst  and  acidified  with  40  ml  50lb  KOH.  The  base  waa 
extracted  with  ether  and  the  extract  dried  with  potauium  carbonate.  After  driving  off  the  ether,  the  residne  waa 
distilled  in  vacuum  to  give  2.38  g  viscous  oil  which  ctmsisted  o'  a  mixture  of  the  optical  isomers  of  ethylqoiim* 
clldyl*pyridyl<arbinol.  B.p.  139*143*  at  0.3  mm.  The  oil  had  good  solubility  in  alcohol,  ether,  chloroform:  poor 
in  water. 

70.8*  in  967b  alcohol  (a  1.48;  c  2.088;  1). 

4.717  mg  substance:  12.654  mg  CO^;  3.855  5.559  mg  substance:  0.579  ml  N|  (24.5*,  728  mm). 

Found  7b:  C  73.16;  H  9.15;  N  11.37.  CjtHiPN,.  Calculated  7b:  C  73.12;  H  9.01;  N  11.37. 

The  prepared  mixture  must  contain  four  stereoisomeric  carbinols.  Attempts  to  effect  their  resolution  with  the 
help  of  dnartarlc  or  d<amphorsulfcnic  acid  proved  uruuccessful.  Boiling  with  dUiae  acetic  acid  leads  to  cleavage 
of  the  quinuclidioe  ring,  this  behavior  being  characteristic  oi  the  quinine  alkaloids:  in  this  case  it  led  to  formation 
of  {^6-[3-ethylpiperidyl-(4)J-cthylV -(pyridyl(2)]-ketone. 

SUMMARY 

1.  [5-Ethylqainuclldyl-(2»-(pyridyl-(2)]-ketone  was  synthesiaed. 

2.  Catalytic  hydrogenation  of  the  ketone  gives  a  mixture  of  the  optical  isonners  of  the  corresponding  car* 
blnol  which,  on  toiling  with  dilute  acetic  acid,  undergoes  like  compounds  of  tire  quinine  series,  the  reaction  of 
".hydra inino  cleavage,"  and  is  uaniformed  into  (_5-(3-tthylpipe‘idyl*(4))-cthy^  -  (pyrldyi-(2)}-ketone. 

3.  The  mixture  of  optical  isomers  of  15-etbyIquinuclidyl-(2)]- [pyridyl-(2)l'carbinol  proved  to  be  inactive 
in  tesu  on  siskins  inlecied  with  Plasmodium  relictum. 
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SYNTHESIS  OF  [OUINUCLIDYL- (2)  1-[I\YRIDYL- (2)3-CA.RBINOL.  VI 
M.  V.  Rubtsov  and  V.  A.  Volikeva 


III  OUT  previous  papers  we  described  analogs  of  bydioquinine  containing  the  ethylQuioiiclidyl<arbonyI  group 
in  the  4*  and  R-posltiom  of  the  pyridine  ring  (II 

With  the  aim  of  further  studying  compounds  of  tha  series,  we  have  synthesired  [qiiinuclidyl-(2)>6>yrldyl- 
(2))<arbinol.  This  compound  was  prepared  from  ethyl  plcolinate  and  ethyl  fi-[H-benzoylpiperidyl-(4)]-i»opionate. 


COOCjH* 


CH,  CHj  CH| 
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H,CI 
Ht  ‘ 


CH,  P  *  CH, 
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^  co-QH  CH,  in, 


HjCpOC  N-COC,H, 
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CK. 
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\]  9^* 

i  )  i 

Aco-ch  ch,ch, 

I  \  y 

^  NH 

(UD 


/"i"\ 
CH,  CH,  CH, 


I 


-CHOH-CH  CH,CH, 
(V) 


The  ketoester  (D.  prepared  by  condensation  of  the  stanlng  asters,  was  saponified  with  hydrochloric  acid  to 
{B-Q’ipcridy:-(4))-ethy^  -[pyridyl-(2)]-kctone  (II),  which  was  Isolated  in  the  form  of  the  monohydrochlorlde 
riElting  at  182.5-184. 5*.  Ticatmcnt  of  the  piperidylcihyl-pyridyUtetone  with  biomir.e  in  48^  ’hydrobroinic  acid 
gave  the  dihydtobromlde  of  the  corresponding  C-bromoketone  (III),  a  yellow  crystalline  powder  with  m.p.  170-171*. 
By  treatment  with  bicarbonate  solution,  the  bromoketone  (III)  was  tiansformed  liiio  quinuclidyl-pyridyl-ketone  (IV), 
which  was  obtained  In  the  form  of  white  prisms  with  m.p.  71.5-73*.  Reduction  of  ketone  (FV)  to  carbinol  (V)  was 
performed  by  hydrogenation  of  the  dihydrochloride  of  the  ketone  in  an  aqueous  medium  In  presence  of  palladium 
black.  A  mixture  of  the  diaitereoisomeric  racemates  was  obtaLned  In  this  way  and  was  resolved  by  taking  advantage 
of  the  differing  solubility  of  their  hydrochlorides  in  alcohol.  The  properties  of  the  racemates  are  set  fo.nh  in  the 
table. 


In  tests  on  siskins  infected  with  Plasmodium  relictum,  both  racemates  proved  to  be  inactive. 

EXPERIMENTA  L 

<6  -  fPiperldyl- (4)]-ethyl>  -  (pyrid  yl  -  (2)]-ketone  (II) 

To  the  sodium  ethylate  prepared  from  1.25  g  pulverized  metallic  sodium  atsd  2.5  g  ab:oIute  alcohol  in  a 
medium  of  absolute  ether  was  added  7.6  g  ethylpicollnatc  li.u  8.5  g  ethyl  3-lN-benzoyI-piperldyl-(4)]-propionate. 
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Designation 
of  racemates 

Base 

Hydrochloride 

Characteristic  feature* 

A . 

White  clusters  of  needles, 
m.p.  118-119* 

Whue  mlctoscopic 
prisms,  m.p.  232-233* 

Hydrochloride  poorly  soluble 
in  cold  alcohol 

B . 

Snriall  white  prlanii, 
m.p.  80-82* 

White  crystalline 
powder,  m.p.  175-177* 

Hydrochloride  highly  solnble 
in  alcohol 

The  mixture  was  gradually  heated  on  an  oil  bath  to  80*j  at  the  same  time  the  ether  was  driven  off.  The  mass  was 
stirred  for  4  hours  at  80*.  alter  which  50  ml  benzene  was  added.  The  mixture  was  cooled  to  room  temperature 
and  shaken  with  76  ml  Iced  water.  The  aqueous  layer  was  separated  from  the  benzene  layer,  washed  with  ether, 
and  treated  wiih  sulfuric  acid  solution  until  neutral  to  litmus.  The  separated  oil  was  extracted  with  ether 
and  the  extract  dried  with  potassium  carbonate.  The  ether  was  driven  off  to  leave  5.91  g  (57.0^)  of  {6-[N4>eft- 
zoyl i;)ipetid  yl-  (4) }hi  <arbethoxyethylJ  -  Qryrid yl*  (2)]‘kctone  (ketoestei). 

The  obtained  ketoestet  was  subjected  to  ketonlc  cleavage  by  boiling  for  4  hom  with  ten  times  the  quamlty 
of  IVV:  hydrochloric  acid  After  cooUiig,  the  solution  was  treated  with  KOH  until  the  reaction  was  weakly  acid 
toCongc,  washed  with  ether  to  remove  benzoic  acid  and  made  alkaline  wiih  excess  of  50^  KOH.  The  separated 
base  was  extracted  with  ether  and  the  extract  dried  wiih  potassium  carbonate.  The  ether  was  driven  off  *nd  its 
last  cace^>  removed  in  vacuum  to  leave  2.23  g(6*[pipeiidyl-(4)]-ethyl^  -[pyiidyl-(2)]-feetone  in  the  form  of  a 
light-brown  oil.  Yield  75  6^  of  theory. 

TTie  base  was  dissolved  in  8  ml  d'y  acetone  and  to  ific  scltnion  was  added  ite  calculated  amount  (for  forma¬ 
tion  of  mo^a;hvdrochlo:ide)  of  alcoholic  solution  o'  HCL  The  prec.pitate  was  iiitered.  washed  with  dry  ace¬ 
tone  and  dried,  giving  2  2  g  of  ine  hydrochioiide  with  rn.p.  182,5-184  5*1 

The  hydrochloride  crysralUzes  from  alcohol-acetone  ll  :  1)  in  »hc  form  of  svbitc.  prismatic  plates  melting 
::  189.5-190*.  Good  solubility  in  water,  alcohol  and  chioioform;  mtoluble  in  ether. 


S.146  mg  vubirance:  7  058  rrsg  CO^;  2.070  mg  rljO.  4.302  mg  substance:  9.354  mg  COj.  2.990  rrig  K/). 
bound  *?e:  C  61.18,  61.20;  K  7.36,  7,66.  CyH^jCN’, '  HCl.  Calculated  <%:  C  61.27;  H  7.52. 


Dihydro bromide  of  C£-rPiperidyl-(4)3-a-biomoethyl/-[pyridyl-(2>3-!<etone  (II!) 


To  a  sclution  of  2  g  monohydiochloride  o^  [piper idyl -(4)] ethyl)  -  [pyiidyl-(2)]-keto3e  in  7.5  ml  48^ 

hydrogen  bromide,  heated  to  50*.  was  added  with  sturiog  in  the  course  of  ten  miruies.  a  solutiou  of  1.25  g  bromine 
in  9  ml  48^  hydrogen  bromide.  The  temperature  was  then  raised  to  80*  and  the  sturing  continued  for  another  15 
minixes.  The  solution  was  evaporated  in  a  vacuum  at  55*  until  formation  of  a  caiamel-iike  mas#.  The  latter  went 
into  loluiion  when  mixed  with  1  ml  absolute  alcohol  and  the  solution lapidly  deposited  a  precipitate.  PrecipUttion 
was  completed  by  adding  25  ml  dry  acetone  to  the  mixture.  After  brief  standitrg.  the  precipitate  was  filtered, 
washed  with  dry  acetone  %r«d  then  with  ether,  and  dried  In  a  vacuum-desiccator  over  sulfuric  acid  and  potassium 
hydroxide. 


A  yellow,  crystalline  powder,  m  p.  170-171*{wirh  decom.posltlon).  Good  solubility  in  water  and  alcohol,  in¬ 
soluble  in  acetone.  yield  3.08  g  (64 

0.1275  g  substance:  0  1555  Agfe  Foiuid  Bi  51.9.  CjjHjPNja  *  2HBi.  Calculated  Ik;  Bi  52.3 
[Quinuclidyl  -  (2)1-  fpyridyi-  (2)  ]-ketone  (IV) 

To  a  mixture  of  2.85  g  ^5 -[piperidyl-(4)}Ha -bromocihyl}  -  [pyrldyl-(2)j-ketone  and  40  ml  chloroform  was 
added  a  soluiu>n  of  3.1  g  icdluin  bicarbonate  in  45  ml  water.  The  mixttue  was  shaken  *^01  2  1.^2  hours.  The 
chloroform  layer  wu.*  then  separated  from  the  aqueous  layer,  dried  with  potassium  catbo'tate  arvl  left  to  evapo¬ 
rate  at  room  temperature.  Evaporauon  of  the  chloroform  left  a  dark-yellow,  cryualline  powder  weighing  1.22  g. 
m.p.  62  5-6.  .  A. ter  rectystallizaiion  from  gasoline  (90-100*  fraction),  the  substance  was  obtaLned  in  the  form  of 
white  prisms  melting  at  71  6-73*  Good  solubility  in  alcohol  acetone,  chloroform.  e»her  and  hoi  gasoline.  The 
analytical  data  agree  wxth  the  composulon  [qulnuclidyl-(2)]- [pyridyl-(2))-keione.  Yield  0.71  g  (53.’rtk). 

4  477  mg  substance:  11.819  mg  ..O,.  2  904  mg  Hp.  3.712  mg  subsuncc:  9.341  mg  CO.;  2.428  mg 

Hp.  Found  C  72.00.  72.30;  H  7.25,  7.32.  CakuUted  C  72.18,  H  7.46. 
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A  loluilon  of  S.19  g  quinuclidyl-pyrldyl -ketone  in  58.9  ml  hydrurhloric  «cld  (0.1  N)  was  mixed  »#Hh  10  ml 
2lk  palladium  chloride  and  subjected  to  hydrogenation  under  a  pressure  of  50-70  cm  water  column.  At  the  end 
of  the  hydrogenation  the  catalyst  was  filtered  off  and  the  fUuate  worked  up  with  excess  of  50^  KOa  The  aeptrated 
base  was  extracted  %rtth  ether  and  the  extract  dried  with  potassium  carbonate.  The  ether  was  driven  off  to  leave 
3.15  g  of  a  mixture  of  diastereoisomeric  racemates  of  quinuclldyl-pyridyI<arbbol  in  the  form  of  a  crystal 
melting  at  69<9*. 

3.316  mg  substance;  8.741  mg  CO*;  2.492  mg  Hp.  5.970  mg  substance:  0.595  ml  CH4(0*,  760  mm). 

Found  io:  C  71.88;  H  8,41;  OH  7.60.  C^HPiN^  Calculated  %  C  71,51;  H  8.81;  OH  7.80. 

The  diastereoisomeric  racemates  were  resolved  by  taking  advantage  of  the  differing  solubilities  of  their 
hydrochloridet  in  alcohoL 

3.08  g  of  the  mixture  of  diastereoisomeric  racemates  of  quinuclidyl-p7rldyl<arbinol  was  dissolved  in  14  ml 
absolute  alcohol  and  to  the  solution  was  added  the  amount  of  17%  alcoholic  hydrogen  chloride  calculated  for 
foriiution  of  the  monohydrochloride.  The  resultant  precipitate  was  tiltered  from  mothet  liquor  (mother  liquor  1) 
and  washed  with  absoltte  alcohol  a'vl  ether.  Yield  1.42g  hydrochloride  with  m.p.  222.5-225*.  After  recrystal¬ 
lization  from  absolute  alcohol  the  hydrochloride  melted  at  23«.'233*.  White  micmscopic  prisms,  readily  solidile 
in  water  and  chloroform,  fairly  readily  soluble  in  hot  alcohol  (1  :  16).  poorly  soluble  in  cold  alcohol  (approx. 

1  :  60).  Analysis  of  this  substance  idemified  it  as  quinuclidyl-pyridyl<arbinol  hydrochloride  (hydrochloride  of 
racemate  A). 

3,558  mg  substance:  8.042  rag  CO,;  2.731  mg  Hp.  .Pound  %>:  C  61.64;  H  7,49.  CaHaON,  •  HCL  Cal¬ 
culated  C  61.27;  H  7.52. 

The  base  (racemate  A)  was  isciatcd  from  ttic  hydrochloride  and  melted  at  118-119*  after  recrystallization 
from  a  gasoline  fracrion  (70-90*).  While  clusters  of  needles  with  good  solubility  in  water,  alcohol,  acetone  and 
c hloioforni;  poor  in  ether. 

4.320  mg  fubsance:  11.386  mg  CO,;  S.0G8  mg  Hp,  Found  C  71,73;  H  8.31  CaHaO^^r-  Calculated 
C  71.51;  H  8.31. 

Dibycrochloride:  Whire  crystals  rapidly  deliquescing  in  the  air. 

The  alcoholic  mother  liquor  from  the  hydrochlofulc  (mother  liquor  1)  was  evaporated  in  vacuum,  the  residue 
was  dissolved  in  7  ml  absolute  alcohol,  a.nd  Ihe  soluion  diluted  with  20  ml  dry  acewre.  1  g  of  a  precipitate  then 
came  down:  this  was  the  hydrochloride  of  the  second  diastereoisomeric  racemate  (racemate  B)  contamiruted  with 
the  hydrochloride  of  racemate  A.  The  precipitetc  wis  filtered,  washed  with  ar.ernne;  m  p,  ITS-IB.*)*  The  mother 
liquor  was  evaporated  in  a  vacuum,  the  residue  was  converted  to  the  base  with  the  help  of  50%  K.OH  solution,  the 
base  wa:  exiracted  with  ether  and  the  extract  dried  with  potassium  carborutc.  Removal  of  the  ether  left  0,38  ; 
crystals  with  m.p.  73-79*.  Two  recrysiailizations  from  gasoline  (70-90* fraction)  gave  0,26  g  substance,  as  ' 
fine  white  prisms,  ruelting  at  80-82*' (racemate  B). 

The  substance  has  good  solubility  in  water.  alcohoL  ether,  chloroform  and  acetone,  as  well  as  in  hot  gasoline. 

6.319  mg  substance:  1C.547  mg  CO,;  4.599  mg  wp,  5.160  mg  substance:  13.601  mg  CO,;  3.729  mg  Hp. 

Found  %:  C  71.42.  71.89;  H  8.15.  8.08.  C^HipN,.  Calculated  %:  C  71,51;  H  8.31. 

Monohydrochloride;  A  white  crystalline  powder  wuh  m.p.  175-177*  readily  soluble  in  water,  alcohol  and 
chloroform,  poorly  In  acetone. 

Boiling  of  the  prepared  racemates  (A  and  B)  with  50%  acetic  acid  leads  to  cleavage  of  the  quinuclrdine  ring, 
which  process  is  characteristic  of  quinine  alkaloids,  and  to  conversion  into  .^S*[nipcridyl-(4)]'ethyl} -[pyTldyl- 
(2))-keU)ne. 

S  UMMA  RY 

1.  [OuinucIidyl-(2))- [;^xidyl-(2)]-keione  was  synthesized. 

2.  Catalytic  hydrogenation  of  this  ketone  gives  a  mixture  of  two  diastereoisomeric  racemates  w'nose  resolu¬ 
tion  was  effected  by  exploiting  the  differing  solubliitlcs  of  their  hydrochlorides  in  alcohoL 

3.  Boiling  of  the  obtained  racemates  with  60%  acetic  acid  resulted,  as  with  other  compounds  of  the  quinine 
teries.  in  the  reaction  of  "hydiamtnlc  cleavage*  and  fprmilcnof  ■^8-B>lperidyl-(4)}-ethylJ-[pyridyl-(2)J-kcione. 


Both  racemates  were  found  to  be  Iiiactive  in  lesu  on  siskins  infected  with  Plasmodium  rellctum. 
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IMIDAZOLE  DERIVATIVES 

XL  CONDENSATION  OF  PHTHAUC  A  NHYDRIDE  WITH  BENZIMIDAZOIE  DERIVATIVES  flj 


L.  S.  Efrot.  B.  A.  Porai>Koshits  and  S.  G.  Faibenshtcle* 


The  valuable  vat  dyes  include  some  derivatives  of  aaihiaquinoncconuining  iroidsole  rii^s  (2].  They  are 
usually  obuined  from  diaminoanthraquioones  whose  syiubesis  is  rather  complicated.  X  therefore,  appeared  ex> 
pedient  to  attempt  to  prepare  such  compounds  by  another  route,  namely  by  condensing  benzunidazole  derivatives 
with  phthallc  anhydride.  Such  was  the  original  purpose  of  this  investigation. 

It  was  found,  however,  that  benzimidazole  (I)  iuelf  is  incapable  of  entering  into  condensation  with  phthallc 
anhydride.  We  know  that  substituents  in  the  5(6)-position  have  hardly  any  influence  on  the  reactivity  of  benzimida* 
zole  [3]:  we  therefore  decided  to  increase  its  aaivity  by  introducing  substituents  of  the  fixa  otdei  into  the  2*posltioii. 

2*  Methyl-beizimidazole  (ID  also  proved  Incapable  of  condensation.  On  the  other  hand.  2-hydroxybenziml* 
dazole  (in;  smoothly  entered  into  thu  reaction  and  we  obtained  5-o<;aibo>:ybenzoyl-2-cydtoxybenzimidazoie  (IV). 
which  is  leadily  transformed  by  treatmem  wuh  sulfuric  acid  lux  the  anihraquinone  derivative  (V). 


The.  structure  of  this  product  was  confirmed  by  its  synthesis  from  2.3^iaminoani.hraquirione  and  carbonyl 
chloride. 


Equally  successful  was  the  perfbrmarxc  of  the  ieaction  between  phthallc  anhydride  and  5-metbyl*2 -hydroxy- 
benzimidazole  (VI).  which  gave  the  carboxylic  acul  (VU)  and  the  anihraquinone  derivative  (VIII): 


(VIO 


(VHD 


As  we  know  [4],  2-hydtoxybenzimidazole  (lU)  is  tautomeric  with  o-phenylencurea  (IX) 


*  Deceued 
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The  very  low  basicity  constant  that  we  found  in  potent iometiic  titration  of  this  substance  [5)ClO^  indicates 
that  formula  (IX)  is  more  correct. 

Tiie  question,  therefore,  arose  as  to  which  tautomeric  form  of  this  compound  emers  into  the  reaction  under  con¬ 
sideration.  If  it  reacu  in  the  form  of  o-phenyleneurea  (IX).  then  only  those  benzimidazole  derivatives  which  are 
susceptible  to  such  a  tautomerism  should  be  capable  of  entering  Into  the  Fricdel-Crafts  teactioa.  We  tested  this  poira 
by  synrbesizii*.  staning  from  2<hlorobenzimida  zole  (X).  2-dimethylamlnobenzlml4azole  (XD  which  is  not  siscejxi- 
ble  to  such  uansformatiooa 


(X)  .  <XD 

It  was  found  that  this  product  smootliy  enters  into  condensation  with  phthalic  anhydride  to  form  the  caibory- 
Ik  acid.(XII)  whkh  undergoes  transformation  inso  the^nthraquinone  derivative  (XIID 


(XID  (XUS 

It  was  Interesting  to  ctudy  also  the  reactivity  of  the  o-phenyleneurea  derivative  (XI).  The  N.N^imethyi  deri¬ 
vative  (yjV)  required  for  this  purpose  is,  as  we  established,  rea*lily  obtained  by  direct  mcthylation  of  2-hydroxyben- 
zimidazole  with  dimethylculfate  in  p:e.sence  of  caustic  slkah.  The  basictry  constant  cf  compound  (XTV)  was  found 
to  be  of  the  same  magnitude  as  that  of  the  unmeihyiaied  product  given  above.  This  compound  likewise  readily  reacted 
With  phthalic  anhydride  to  form  the  carbaxyllc  acid  (XV)  and  the  acihxaquinoae  derivative  (XVI) 


CH,  CH,  CH, 

iXIV)  (XV)  (XVO 


Consequently,  both  of  the  tautomeik  forms  of  2-hydJoxybenzimida2oj£  are  equ  'ly  capable  of  smoothly  con- 
denring  in  the  same  direction  with  phthalic  anhydrtde.  “f 

We  ocplain  this  behavior  by  the  fact  that  in  the  reaction  conditions  both  iautomers  form  one  and  the  same 


(XVU) 

fu.nhet  reaction  of  wh:ch  with  phthalic  anhydride  leads  to  formation  of  the  products  described  vbove. 

Only  those  derivatives  of  benzlmldazok  which  contain  an  acuve  substituent  of  the  first  order  in  ihe  2-posliion 
are  capable  of  entering  into  this  reaction. 
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EXPERIMENTAL^  -  ' 

1.  Sfrtlpg  Prodactt  _  ,  *  ’ 

Benzlmldazolone  p).  24.6  g  dry  o-phenylentdUmlre  hydrochloride' It  ihoroughlylrUweted  In  •  morur  with 
10  g  ure*  and  »bc  mlxiure  is  heated  in  a  beaker  on  a  paraffta  wax  bath  to  150^  ^.e  mixture  melii  at  fint  bis  after 
a  thort  time  It  again  loildifiei.  The  melt  it  croled,  uiiurated  in  a  rocntr"^  ^  ^  d  In  warm,  dilute  bhOH  lolu- 

tion.  Tlie  solution  it  filtered  and  hydroch’eric  acid  it  rnn  Irco  the  tV  ^  ” 

of  fine,  faintly  yellow  leafleu.  Yield  of  product  16  g  (about 
the  form  of  leaflets  with  m.p.  308*. 


* 

S4ciethylbenzlmldazolone  P],  Syntbetit  is  performed  as  *■,  J  ^ 
and  20  g  urea  is  obtained  16.5  g  (70^)  5*methylbenzimidazo*  • 

U  292*.  ^  * 

1.3-Dlmethylbenzimldaaoloae.  5  g  benzimidazoione  *  , 

slve  stirring  addition  is  made  dropwise  to  the  solution  of  7. 
dertble  amount  of  oil  then  rises  to  the  surface  of  the  inaas 
fluxed  for  l^s  hours.  The  mass  in  the  flask  is  then  coaled 
filtered  off.  The  precipitate  is  crysuUized  from  150  ml  v. 
colorless  needles  contain  water  of  crystallization.  Yield  r  ’ 

product  is  crystallized  from  ligroine.  Fine  prisms  with  m.i 

0.1443  g  sub.:  21.8  ml  Ni(23*  757  ran).  Found  Icr 

2<rhloroben2m;idazole.  1.34  g  benzimidazole.  6.7  r  ,  . 

hydrochloric  acid  are  heated  in  a  sealed  tube  for  3  hours  at  } 
off  from  the  xesultaix  dark-brown  solution  In  vacuum  and  the  , 
liquid  is  flhered  from  impurities  and  the  filuate  neutralized 
2'ChlorobertZimidaoole  is  obtained  from  tbe  weakly  acid  solULic". 
from  aqueous  alcohol.  Lufltous.  coiorlert  leaflets  with  m.p.  212*21^  , 
dilute  irotganic  acids  and  in  solutions  of  caustic  elkalie*. 


.  u  benzimidazolone  in  the  form 

•  ^!y  crystallizes  from  alcohol  in 

*  •  m  20  g  3,4-toluenediamlne 
**51  fiom  alcohol  the  in.p. 

Oli  and  at  60*  with  inten'* 

^  alkali.  A  consi- 
to  the  boil  and  re- 
irg  reaction  product  is 
al.  Tbe  resultam  long, 
uum-desiccator,  the 

N  17.27. 

o  drops  concentrated 
c.?ycbioride  is  driven 
^  with  ice  water.  The 
.  o  '  whitidi  needles  of 
by  crystalltzation 
*  I  he  product  is  soluble  in 


0.10l5gsub.:  15.9  ml  N]  (18*.  762  mm).  0. 0969  g  sub.: 
C7H;,N,a.  Calculated  N  18.37;  Cl  23.28. 


0.0929  g  AgCl,  Fcand  .N  18.42;  Cl  23.42. 


2-Dirneihylamirtohen2imidazole.  3  g  2-chlorobenzimida2oie.  3.25  g  diraethylamine  hydrochloride  aitd  2,24  g 
KOH  in  30  ml  water  are  heated  in  a  sealed  tube  at  150-160* for  5-6  hours.  A  hghi-grey  piecipiute  comes  down 
after  coding  of  the  xefcCtion  mass  and  is  ftltoed.  washed  with  water  and  crystallized  from  alcohol.  Yield  2.6-2.7  g 
(80‘^).  Colorless  microscopic  prisms  with  m.p.  314-316*. 

0.0992  g  sub.:  22.7  ml  N,  (23*.  758  mm).  Found  N  26.31.  C,HuN>  Calculated  N  26.07. 


The  product  is  readily  purified  also  in  the  form  of  tbe  hydrochloride  which  comes  down  from  solution  in  the 
form  of  luArous  needles  with  m.p.  291*. 

0.1085g$ub.:  19.3  ml  N,  (16*  760  mm).  0.1235gsub.:  6.25  ml  0.1  N  NaOH.  Found  N  21.01; 

Cl  17,97.  C^nNj*  HCl.  Calculated  N  21.25;  Cl  17.98. 


2.  Preparation  of  A  nthra  qulnone  Derivatives 

a)  From  benzimidazolone.  3g  pure  benzimidazolone  and  3.4  g  tid>limed  phthalic  anhydride  are  mixed  with 
50  ml  tetrachlorocihane  in  a  tound-bctiomed  flask  fitted  with  reflux  condenser,  nirrer  and  thermometer;  the  phthalic 
anh^-dride  dissolves  and  the  benzimidazolone  remains  in  the  form  of  a  suspension.  10  g  anhydrous  aluminium  chlor¬ 
ide  IS  added  in  the  cold  and  the  mats  Is  heated  to  90*  with  stirring.  The  aluminium  chloride  gradually  dissolves 
and  the  conterxs  acquire  a  dark,  reddish-violet  color.  With  piogrestivc  heating  the  color  of  the  solution  becomes 
lighter  and  a  dark  resin  forms  on  the  sides.  After  3^1  hours,  the  evolution  of  hydrogen  chloride  abates  and  tbe  mix¬ 
ture.  acidified  wiih  hydrochloric  acid,  is  poured  into  a  flask.  The  teuachloroeihane  is  dUiilled  in  steam  and  the 
reaction  product  It  filtered  (IV).  Weight  3.57  g.  Repeated  reptecipuaiions  from  the  sodium  carbonate  soiixion  with 
hydrochloric  acid  followed  by  washing  gives  a  cclotless  product  with  m,p.  aboix  300*.  icadily  soluble  In  glacial 
acetic  acid,  less  readily  in  alcohol,  and  insoluble  in  water. 

0.2838  g  sub,:  0.6545  g  CO,;  0.0975  g  Hp.  0.3608  g  sub.:  31.2  ml  N, (23*.  762  ram).  Found  C  62.94; 

H  3.84;  N  9.89.  C,J1,P4N>  Calculated  C  63.83  H  3.57;  N  9.93.  } 

*N.  A.  Zaldiarova  and  S.  LotateichilTtook  part  in  the  ej5>erimenul  work 
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Oclucioiiof  the  berja,y;beiBo!c  Kii  deilvillve  (W)  to  the  •Blii.<>iiliKme  <lei)v»llve  (V)  ll  effected  by 
heeilM  8  eof  the  piodict  u.  wlBion  ►lib  70  ml  conctcn.ted  mlfotlc  acid  Jot  one  hour  en  a  belUng  waiet  bath. 
The  5^01100  b  poured  Inro  300  ml  water  and  the  yellrrw  reaction  prodBt  b  lUrered  off.  Yield  nearly  rpumtlutlye. 
The  product  It  eatUy  palfied  by  converts*  11  to  the  vat.  It  b  purllted  lot  aitalytb  by  crytulUalit*  torn  qulmltne 
or  pyiidlDC,  Brlght-yeilow  needtei  wiih  m.p.  above  S50*. 

0.1368  g*ub.;  0.3396  g  CO,;  0.0520  gHp.  0.18S7g»ub,:  17.2  ml  N,  (22*.  162  mm).  0.1286  g  w*).: 

11.6  ml  N,(22*  760  mm).  Found  5»;  C  67.76;  H  4.25;  N  10.4.  10.85.  C](,Hp,N^  CaLulated  %  C  68.18; 

H  3.05.  K  10.60. 

b)  From  S-methylbenzimidazolone.  The  condeaaUon  U  performed  exactly  a«  in  the  preceding  caae.  F»m 
10  g  5-methylbenzimidazolone  and  10  g  phthalic  anhydride  la  obtained  12.8  g  of  benzoylbenaolc  acid  derivative 
(64^  of  the  theoretical).  The  product  is  purified  by  cryrulllzatlon  from  acetic  acid.  M.p.  294* 

0.1031  g  sub.:  8.9  ml  N,(25*,  754  mm).  Founder  N9.71,  Calculated^:  N  9.46. 

Cycllzation  to  the  anthraqaiKme  derivative  (VIE)  la  performed  la  aulfurlc  acid.  The  yield  b  nearly  quanti¬ 
tative.  Purification  by  crysiallization  from  quinoline.  Fine  yellow  needles  melting  at  above 
350*. 

0.643giub.:  0.1623  g  CO,:  0.0222  g  Hp.  0.0778  g  sub.:  7.2  ml  N,  (24*  760  mm).  Foind  C  68.88$ 

H  3.86;  N  10.52.  Cj,H,p,N,  Calculated  %  C  69.0C:  H  3.62:  N  10.07. 

c)  From  l.S-dimethylbenzii.itdazolone.  Coridensation  of  3  g  product  with  3  g  phthalic  anhydride  In  similar 
conditions  gives  3.8  g  beiuoylbenzolc  acid  derivative  (XV).  which  crystallizes  well  from  aqi>eous  acetic  acid  in 
the  form  of  fine,  faintly  yellow  needles  with  m.p.  268*. 

0.2691  g  sub.:  23.7  ml  N, (23*.  755  mm).  Fouixi  <5::  N  9.28.  CnHjP^Nj.  Calculated K  9.03. 

Cycllzation  of  the  product  (XV)  to  the  anihraquinone  derivative  (.XVQ  U  performed  in  sulfuric  acid.  The 
yield  is  nearly  quantitative.  Purification  by  crystallization  from  glacial  acetic  actd.  long,  bright -yellow  needles 
melting  at  above  350*. 

0.1018  g  sab.:  8.6  ml  N,  (22*  762  mm).  Found  *5b:  N  9  67.  Cx^a^,N,.  Calculated  *)•:  N  9.59. 

d)  Fmm  2-di.methylamincberjlmidkzolf.  Condensation  td  3  g  product  with  3  g  p.^thaiic  anhydride  givet 
3.?  g  benzoylbenzoic  acid  dcri'  ative  (XIIj.  After  driving  off  the  tetxacUoioethaae.  the  tydrochloiidc  of  this 
product  collects  in  rne  form  of  a  resin  on  the  walls  of  the  flask.  The  liquid  is  poured  off  and  the  product  is  dis  » 
solved  In  70  ml  hot  watei;  the  base  is  ptecipiiaicd  by  adding  sodium  acetate.  The  producr  u  washed  aixl  repee- 
cipitsted  from  us  solution  in  sodium  carbonate  with  acetic  ac:d.  Fine  needles  wuh  a  faint  orange  TUv-plnk  color. 

Withcai  •‘urihet  puification  the  substance  is  treated  with  conceittated  sulfuric  acid  and  converted  into  the 
amhiaquinone  derivative  (XIII).  On  pouring  the  suEuric  acid  solution  into  water,  the  brignt -yellow  sulfate  comet 
dovm  (being  poorly  soliile  in  cold  water).  The  product  is  purified  by  cryr.allizing  Its  hydrochloride  from  wat«. 
TTie  fine  yellow  needles  of  this  salt  melt  at  above  360*"  In  a  capillary.  The  base  (oiange-yellow)  is  insoluble  in 
organic  solvencs.  On  heating  It  dissolves  in  aqueous  caustic  alkalies  and  us  salt  cornes  down  on  cooling. 

0.1289  g  sub.  :  14  €  ml  N,  (22*.  760  mm).  0.1252  g  sub.:  13.8  ml  K,  (22*.  764  mm).  Found  N  13.09, 

12,82.  Ci^jPjS,  HCl  Calculated^:  N  12.82. 

SUMMARY 

Out  a  number  o*  derivatives  of  benzimidazole,  only  those  containing  an  acilv<;  substitucni  of  the  first 
order  in  the  2-poutu>n  ate  capable  of  ereering  into  cOiidensatior.  with  irfithallc  ^ui/otUle  in  presence  of  aluminum 
chloride.  Among  such  compounds  are  benzimidazolone,  1,3-dimeihyJberrzimidazolonc  and  the  2^imethyUmino 
derivztlve.  All  these  compounds  appaieruly  react  in  the  form  of  the  coiiesponduig  caiiotu. 
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REACTIONS  OF  S-OUINOLINECA  RBOXA  LDEiiyOX 


B.  P.  Lugovkli 

The  chemicel  properties  of  the  quioolioe  aldehydes,  due  to  the  difficulty  of  synthesis,  have  been  little  studied. 

Thanks,  however,  to  the  work  of  V.  M.  Rodionov  and  M.  A.  Beikengeim.  published  in  1944  [1],  the  syathesia 
of  some  aldehydes,  including  6 *qainoline  carboxaldehyde  today  does  not  present  any  special  difficulties. 

They  obtained  the  cldehyde  in  a  yield  of  up  to  60^  by  oxidation  of  6 •methyl quinoline  with  selenium  dioxide 
at  150-210* 

G.  A.  Melentyeva  and  S.  L  Kattevskaya  [2]  have  recently  studied  the  aldol  condensation  of  €-quinolinecarbox* 
aldehyde  with  nitroalkanes  (nluoetlune  and  u-oluorropane)  followed  by  catalytic  reduction  of  qulnolyl*€'nitjo<> 
alklanes  to  quinolyl*€-alkanolamines,  which  were  identified  in  the  form  of  their  dlbydtochlotides. 

In  view  of  the  definite  interest  in  the  study  of  quinoline  derivatives,  we  have  investigated  a  whole  series  of 
reaction  of  C  •quinolinecarboxaldebyde  synthesized  by  the  method  of  Rodionov  and  Beikengeim. 

We  oxidized  the  aldehyde  with  selenium  dioxide  and  found  that  the  product  of  oxidation  is  quioollne'^<ai- 
boxylic  acid  in  a  yield  up  to  64^of  the  theoretical.  The  reaciion  ukes  place  very  violently  at  above  240^ 

By  tieating  the  aldehyde  vrith  cen:.en:rated  aqueous  KOH  (Cannizzaro  reaction)  we  effected  the  previously 
anreponcd  synthesis  of  6-quinolyl  aiccnol  in  the  form  of  colorless  crystals  with  m  p.-  81-82*  in  a  ,.eld.  of  14%  of 
the  theoretical.  Quiiu>Ijae-€-carbox>Tic  acid  was  isolated  In  a  yield  of  up  to  94^  of  the  theoietlcaL 

Heating  of  6-quinolyI  alcohol  with  methyl  iodide,  ethyl  hromioe  and  ethyl  iodide  lei  to  the  corresponding 
alkyl  halides  of  the  alcohol. 

Resinous  products  were  formed  when  an  attempt  was  made  to  carry  out  the  acyloin  condensation  of  G-quino- 
lir.ecarbbxaidehyde  with  potassium  cyanide;  6.6’-quinclcin  was  extracted  in  insignificant  amount  (up  to  S^)  in 
the  form  of  colorless  crystals*  with  m.p.  167*.  It  is  reponed  in  the  literature  that  some  aromatic  aldehydes  such 
31,  for  example,  amirw-  and  nitrobenzaldehydes.  do  not  give  the  corresponding  benzoins  [3], 

We  also  eexiensed  G-quinolinecaiboxaldchyde  with  primary  aromatic  amines.  The  Schiff  bases  of  6-qtanol- 
ideneaniline  and  o-toluidine  are  described  in  the  lUeiature  [4], 

By  heating  the  aldehyde  with  « -aminopyridine  in  alcoholic  solution,  we  synthesued  6-qalnoUdene-a -amino- 
pyridinc  In  the  form  of  colorless  crystals  with  m.p.  139-140*in  a  yield  of  86. 4'^ of  the  theoretical.  Heating  with 
methyl  iodide  and  ethyl  iodide  led  to  the  corresponding  dialkyl  iodides. 

Reaction  of  the  aldehyde  with  6 -naphihylamine  gave  e-qmnoltdene-S -naphihylamine  in  the  form  of  color¬ 
less  crystals  with  m.p,  140-141*,  in  a  yield  of  90^  of  ihe  theoretical.  Us  meihiodide  and  ethiodide  were  synthe¬ 
sized. 

Reaction  with  5  -oaphthylaminc  gave  6-qulnolidene-« -ftaphthylainla?  in  the  for. m -of  an  oily  liquid  in  a 
yiwld  of  83voof  the  theoretical.  It  was  cliaracterized  as  the  picraie  with  m.p.  195-196*. 

Reaction  of  the  aldehyde  (2  moles)  with  o-phenylene41amine  gave  6.6''diquInolidenc-o-fAenylcnediamine 
in  the  fonn  of  pale-green  crystals  with  m.p.  221-222*;  yield  38*^ of  the  theoretical. 

Reaction  of  the  aldehyde  (2  moles)  with  p-phenylcnediarnine  gave  6,6'-dlquinolulenc-p-t^enylcnediamine 
in  the  form  of  light -green  crystals  with  m.p,  252-253*.  in  a  yield  of  95^  of  the  theoreticaL 

riie  product  of  reaction  of  S-quinolinecarboxaldehjde  (2  moles)  wl..i  benzidine  was  6,6*-dlquinolidene-bcn- 
zidine;  yellow  crystals  with  m.p.  262-264*;  yield  84%  of  theory. 

The  constants  of  the  syiahesized  6-subaituted  quinolines  are  set  forth  in  the  table. 


*  After  thorough  puiiflc  ati.in,  benzoin  i^  colorless  [3]. 
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No.  of] 


IS 


14 


FiKmulo 


CO^"-"O0 


CH, 


CX>“”CO 


✓  V 

CA 


MelUog 
po«at  (t:) 


2io<eu 


183^85 


Yield 
(in  1b) 


88 


52 


Remaikf 


Plcraie.  m.p. 
195-196* 


i  252-253 


92 


181 


■CH=N  -C-O-h.cht^ 


.  252-264  ■  84 


EXPERIMEN’TA  L 

In  all  the  experimenu  anhydrous  6-<iulao!lr:ecaibo<ildehydc  (m.p.  74-760  used;  u  Is  soluble  in  *iaiei.  alco¬ 
hol,  ether  dioxane,  benzene  and  acetic  acid  The  picratc  is  prepared  Inalconolic  solution:  after  recrystalllzatloa 
from  glacial  acetic  acid  it  ^ms  dar Jc -yellow  crystals  with  m.p.  196-197*. 

Action  of, Alkyl  Halides  on  5 -Qu  t  nol  1  ne  c  a  t  b  o»  a  Id  e  hy  de 

0.5  g  aldehyde  and  0,8  g  methyl  iodide  were  heated  on  a  water  bath  at  85-90* for  30  minutes.  Aftei  evapora¬ 
ting  off  the  methyl  Iodide,  the  6-<ialnolinecarboTaldehyde  metluodide  was  repeatedly  washed  with  absolute  alcohol 
and  dry  ether;  yield  0.62  g  (65  Sic)  of  yellow  crystals  w[Uh  m.p.  222*  [4].  The  crystals  readily  dissolve  in  water, 
insoluble  in  ethet  and  sparingly  soluble  in  absolute  alcohol. 

0.0966  g  sub.:  0.0758  g  AgL  Found  It;  142.42.  CuHmONI.  Calculated^:  142.45. 

0.8  g  aldehyde  and  1  ml  ethyl  bromide  were  heated  in  a  sealed  tube  at  100-110*  for  3  hours.  After  eyspora- 
ting  off  the  ethyl  bromide,  the  cihobromide  was  lepeatedly  washed  with  dioxa'ic  while  ideating.  Yield  0.87  g 
(64. 0<^))  of  pinkish  crystals  with  ra.p.  igi-lO.*?*:  no  change  ir,  m.p.  after  repeated  washing.  EasUy  soluble  in  water, 
alcohol,  glacial  acetic  acid:  sparingly  In  dioxane. 

0.0958  g  sub.:  AgBr  0.0670  g.  Found  5>:  Hr  29.76.  C^nuOSBr.  Calculated  1b:  &  30.04. 

0.5  g  aldehyde  and  0.8  g  ethyl  Iodide  were  heated  on  a  boiling  water  bath  iot  30  minutes  After  eyapoiatmg 
the  ethyl  iodide,  the  ethlcdide  of  the  aldehyde  was  repeatedly  washed  wuh  be.nzene  and  dry  ether  wish  heating. 
Yield  O.E  g  (SJifc)  dark-ycilow  crystals  with  m.p.  195-196*.  Readily  soluble  in  absoluie  alcohol  and  water:  insolu¬ 
ble  in  benzene,  dioxane,  and  dry  ethet. 
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0.1032g.ub.:  0.0716gAgI.  Found  It;  140.65.  C^^pNI.  CalcuUtcd^;  140.65. 

Oxidation  of  6-Qulnollnecaiboxtldehyde  with  Selenium  Dloxld^ 

5  g  aldehyde  and  2.5  g  lelenlum  dioxide  (ground  to  powder)  were  mixed  and  healed  in  Wood'a  tUoyj  at  240* 
a  vcrv  violent  reaction  commenced  and  the  temperature  rote  to  above  SOO*  After  cooling,  the  matt  was  wathed 
with  water;  lengthy  extraction  with  alcohol  led  to  ItoUiion  of  3.6  g  (63.ff?»)  qulnolme-6 -carboxylic  acid  with  m.p. 
278*280*  The  acid  wat  dittolved  In  an  aqueous  lolutlon  of  poiattium  carbraate  and  boiled  w  Jh  active  carbon; 
approprUte  working-up  gave  colorlett  cryiraU  with  m.p.  290*.  The  liie.ature  [51  giver  m.p.  29l).292*.  The  plcrate 
it  prepared  ir  alcoholic  toluiion  and  forint  tmall  yellow  necdlei  wlih  m.p.  239-2401  after  recrysialllzailot  from 
glacial  acetic  acid  the  m.p.  it  240-241*. 

Action  of  Alkyl  Halidet  on  6-Qulnolinecatbox  yllc  Acid 

1  g  acid  and  5  ml  ethyl  bromide  were  heated  in  a  sealed  lube  for  10  hours  at  100*.  After  evapaatioa  of  the 
ethyl  bromide,  the  original  acid  wat  obtained  wUb  m.p.  284-2861  mixed  melting  point  288*. 

Heatl:^  of  the  acid  (1  g)  in  the  »me  condliioas  wuh  ethyl  iodide  (2  ml)  alto  ga'.-e  the  c!ig'.T.«l  wcrd;  m.?. 

288*. 

Action  of  Aqueous  KOH  Solution  on  6-Ouicolinec  arboxaldebyde 

To  20  g  aldehyde  wat  added  an  aqueous  solution  of  KOK  (1C  g  KOH  in  12  ml  water).  With  thorough  stirlng 
thetempeiature  was  raised  fronr*  20  to  75*;  on  cooling  the  temperatute  gradually  fell  to  room  temperature.  After 
6  Itours  the  prod-xt  wat  filtered  m  vacuum.  The  solid  product  was  extracted  with  ether  in  an  extiacior  until  the 
C-qulnolyl  alcohol  was  completely  extracted  (the  filtrate  was  worked  up  with  ether  and  the  etricreal  solution  added 
to  the  main  ethereal  extract;  the  alkaline  solution  -as  treated  for  enrart.Dn  of  fhie  arid).  Af'er  driving  off  the 
ether,  the  residue,  in  form  of  orange,  lustrous  plates,  was  washed  with  water  -mill  neiaral,  'Yield  8.8  g  6-<iuinolyl 
alcohol  with  a  broad  melting  range  (up  :c  771.  Fractional  recrystalllzailon  from  dioxane  jjave  7,5  g  (74. 1*^;)  of 
pale-yellow  crystals  with  m  p.  81*.  Reciyst alligation  from  alcohol  in  prescttce  of  activecatbon  gave  colorless 
crystals  wuh  m.p.  81-82*,  The  plcrate  fo.nr.s  yellow  crystals  wilt:  nup.  2G1-202*  (from  alcohol). 

From  the  solid  residue  (after  cxiiariion  of  the  alco.»’wOl).  dissolved  la  water,  arid  fiair.  the  alkaline  filtrate  was 
isolated  1C.3  g  (92. ff^)  of  S-qainolinecarboxyllc  acid  by  rareial  neuuaijtxtlon  wiili  hyd’ocrJojlc  acid  d^ienolphtha- 
lein  and  methyl  orange)  lA  p.  287-253*.  The  acid  was  disiolvcx!  In  aqueoi-,s  potassium  carbonate,  boiled  vaih  ac¬ 
tive  carbon  and  worked  up  to  C-quinnlir.eca:bo>ylic  acid  in  the  fo.Tn  of  a  colorless  powder  wUn  nup.  290*'.  Tire 
piciate  melted  at  240-241*. 

Analysis  o#  the  nlcohol  (Kjeldahl*):  0  4542  g  sub.:  24  6  ml  NaOH  (T  1,0964).  Found  N  8,32. 

C ^.«ON  Calculated^:  K  S.81. 

Action  of  Alkyl  Halides  on  S-Quinolyl  Alcohol 

0.6  g  alcohol  and  0  75  g  methyl  iodide  were  heated  on  a  boiling  water  bath  for  2  hours,  r'he  methyl  iodide 
was  driven  off  and  the  6-qu:nolyl  alcohol  methiodide  was  repeatedly  was.hed  wuh  dry  ether  "Yield  0.62  g  (66^) 
yellow  crycals  with  m.p.  164-166*.  A^tcr  recrysallizatlon  from  alcohol,  m.p.  170*;  readily  soluble  In  water,  very 
sparingly  in  dioxane  and  dry  ether. 

0  0912  g  sub.:  0  0708  g  Agl.  Found  14197.  CuHaOlil.  Calculated  142.16. 

0.5  g  alcohol  and  1  ml  ethyl  bromide  wc*e  heated  in  a  sealed  tube  at  90* for  3  hourt.  After  driving  off  the 
ethyl  bromide,  ihc  ethobiomide  of  the  alcohol  was  repeatedly  wasticd  with  dry  ether.  Yield  0.8  g  (95.2^)  of  lainci 
duty  crystals  with  m.p.  166-170  .  Recrysiallization  fro.m  dioxanc  and  alcohol  (a  little)  gave  light -orange  crysta'.i 
with  m.p,  177-178*.  Readily  soluble  in  water  ard  alcohol,  insoluble  in  dioxane  aid  dry  ether. 

0  0965  g  sub,:  0.06  7  8  gAgBr.  Found  <^5;  Br  29.90.  CuHnO.NTtr.  Calculated  *5^:  Br  29.b2, 

0.5  g  alcohol  and  1  g  ethyl  iodide  were  heated  on  a  boiling  water  bath  for  2  hours.  After  drlvij«  off  the  ethyl 
iodide,  the  tihioduJe  of  the  alcohol  was  repeatedly  washed  with  dry  ether.  Yield  0.9  g  (91*70)  yellow  crystals  with 
m  p.  120-131*.  Recrystallization  f.»om  dioxane  and  alcohol  (in  small  amount)  gave  m.p.  132‘.  Readily  colable  in 
alcohol  and  water;  insoluble  in  dry  ether  and  dioxane 

0  1122  g  sub.:  0. 0843  g  Agl,  FouimJ  140.61.  CuHjPNl.  Calculated^;  1  40.29. 


Met  ill ic  mercury  vr.s  added  after  heating  for  several  days;  during  the  dlstUlation  of  the  ammonia,  zinc  dust  was 
added  [H.  Meyer.  Determination  of  siiiKiire  of  organic  compornds  State  Sci.-Tech  Press.  129(1935)1. 
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The  Acyloin  Reactioa 

To  12  s  6*^uliioIiiicctiboMk!ehyde,  dissolved  In  25  ml  slcohol,  wss  ndded  2.5  g  potntslnm cynnide  In 
3  ml  witer.  The  solution  became  daik*brown  after  heating  fox  30  minutes  on  the  boiling  water  bath.  On  poyrtng 
Into  water  (200  ml)  a  resinous,  dailcorange  preciplute  came  down;  the  precipitate  was  filtered,  treated  several 
times  with  water  at  the  boil  (in  this  treatment  an  Insignificant  amount  of  unchanged  S^iulimllnecarboxaldehyde  came 
down  from  the  aqueous  soluUon),  dissolved  In  akohol  and  repeatedly  digested  with  active  carbon. 

Removal  of  the  ethanol  left  1  g  dark-yellow  crysuls  whh  m.p.  157-159*.  Two  recry suUlzatiom  from  al¬ 
cohol  gave  colorless  crystals  with  m.p.  166-167*i  yield  0.6  g  (50^).  The  piciate  forms  light -yellow  cryttals  with  m.p. 
237-238*  (from  alcohol). 

To  10  g  aldehyde,  dissolved  In  50  ml  alcohol,  was  added  2.5  g  potassium  cyanide  in  3  ml  water. 

Heating  was  carried  out  for  an  hour  on  the  boiling  water  bath;  subsequent  tieatmeni  gave  similar  resnlta 

0J134gsub.:  6.40  ml  NaOH  (T  1.0964).  Found  N8.67.  Calcul.:^  N8.92. 

Action  of  a -A  mlnopyrid ine  on  6-Qulnolinecarboxaldehyde 

3.9  g  aldehyde  and  2.4  g  a  -aminr^yrldlne  were  heated  in  alcoholic  solution  (10  ml)  at  the  boil  (on  a  water 
bath)  for  2  boias.  Fractional  recrysulUzitlon  from  alcohol  (while  evaporating)  gave  5  g  (S6.4^)  6-qulnolideQe<«- 
aminopyridine  In  the  form  of  colorless  crystals  with  m.p,  138-139*.  After  a  second  lecrysuUizatlon  the  m.p.  was 
139-140*.  Sparingly  soluble  in  benzene  and  water,  readily  in  alcohol,  glacial  acetic  acid  and  dioxane. 

0.1572  g  sub.:  18.75  ml  NaOH  (T  1.0964).  Found  N  18.32.  CuHuN’,.  Calculated 9k :  N  18.03. 

Action  of  Alkyl  Halides  on  C-QuinoIidene-a -aminopyridine 

1  g  substance  and  3.z  g  methyl  iodide  were  heated  oa  a  boiling  v*tet  bath  fa:  2  hou.'S  .After  evaporation  of 
the  methyl  iodide,  the  dimethiodide  of  6-o.uinoljdene-a-aminopyrk*tne  was  .»epeaiedly  washed  with  dioxane  while 
heating.  Yield  1.8  g  (81. 19k)  cf  -yellow  crystal*  with  indefinite  m.p.  119-120*.  On  recrystslUzstion  from 
glacial  acetic  acid,  ni.p,  126-128*  (»lnicrii4  at  136-139*).  SeadUy  solubie  in  water  and  alcchol.  sparngly  in  dioxane. 

0.0898  g  sub.:  0.0818  gAgL  Found  Ik;  I  4y.24.  CaKj,!Vs.  CakuUted  9^:  149.10. 


0.6  g  .substance  aixl  3.3  g  of  ethyl  iodide  were  heated  on  a  boiling  water  bath  ter  2  houis.  After  evaporation  of 
the  ethyl  iodide,  the  dieihiodide  oJ  B-quinolklene-c -amLnopyridme  was  repeatedly  washed  with  dioxane  while  heat¬ 
ing,  Yield  0,75  g  of  dar.k -yellow  crystals  with  m.p,  119-120Vmicring 4:  122-124*).  Soluble  in  water  and 

alcohol,  sparingly  soluble  in  dioxane. 

0.0960  g  sub.:  0.0826  gAgl.  Found ‘Jk:  146,63.  Calculated  9k:  146.67. 

Action  of  6 -Naphthvlamine  on  6-Oulnollnec  arboxaldenyde 


3  g  aldehyde  and  2. 7  g  S-naphthylamine  were  heated  in  alcoholic  solution  (10  rr.i)  at  the  boll  on  a  water  bath 
for  2  hours.  Crystals  came  down  after  cooling.  Yield  4.75  g  6-qainolldene-» -naphthylaratne.  From  the  mother 
litjuor  was  isolated  a  further  0. 1  g  of  substance  in  the  form  of  liBtrous  plates  with  m.p.  140-141*.  The  m.p.  did  not 
cha.nge  after  recrystallization.  Soluble  in  alcohol  and  dioxane.  insoluble  in  water. 

0.4864  g  sub.;  2S.9  rnl  NaOH  (T  1.0964).  Found  9k:  N  9.46.  Calculated  •>>:  N  9.93. 

Action  of  Alkyl  Halides  on  6 -Qu  Inol  id  c  ne -6  -  na  pb  t  h  y  la  m  ine 

0,55  g  substance  and  1.8  g  methyl  iodide  were  heated  in  a  sealed  lube  at  100*  for  2  hours.  After  evaporation 
of  the  methyl  iodide,  the  methiodlde  of  6-quinolidene-p-naphthylamtne  was  repeatedly  washed  with  dioxane  with 
heatUg.  Yield  0.7  g  (85.396)  of  dark-yellow  crystals  with  m  p.  210-214"  (wL'h  simering).  Soluble  in  alcohol,  in¬ 
soluble  In  water  arid  dioxauc. 

0,0b02gsub.:  0.0445gAgL  Found  9k:  1  30.00.  Calculated  129.93, 

I  g  substance  and  3  g  ethyl  Iodide  were  heated  on  a  boiling  watei  bath  fox  3  hours.  After  evaporation  of  the 
ethyl  iodide,  the  ethiodidc  of  6-quinolidenc-fi -oaphthylamme  was  repeatedly  washed  with  dioxane  with  heating. 
Yield  0.8  g  (51.e9i^)  dark -yellow  crystals  with  m.p.  183-185*.  soluble  in  alcohol,  Iruoluble  in  water  and  diuxane. 

Action  of  a -Naphthy  lamlne  on  6 -Qui  nol  i  nec  ar  boxa  Id  eh  yd  e 

3  g  aldehyde  and  2. 7g  a -napht  hy  la  mine  were  heated  on  a  boiling  water  bath  fox  an  hour.  An  oily  liquid  was 
formed  with  a  small  content  of  crystalline  material  which  was  filtered  off  after  cooling.  Yield  4.6  g  (83. 5*^)  6- 
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qulDolidene^  ^tphthyUininc. 

The  Mmc  results  weie  obt&lned  in  *n  expert tnent  with  heetlng  in  •Icohel  ioi  8  Itono. 

Tc  1.7  g  of  the  aldehyde  In  3  ml  eihiuiol  w*s  added  an  alcoholic  solution  (1.5  mole  In  16  ml  alcohol)  of  plc- 
lic  acid;  a  daik-yeJlow  plctate  came  dowa  with  m.p,  194-195*  (fiom  nO*the  piciate  was  green);  yield  22  g  (73.S^). 
Recrystallizatlon  from  glacial  acetic  acid  gave  fine,  golden>yellow  needles  with  m.p.  195-196*, 

0.2792  g  sub.:  25.70  ml  NaOH  (T  1.0964).* 

Found  It:  N  14.14.  Calculated^:  N  13.80. 

Action  of  o-Phenylenedlamlne  on  6-Qulnollnecaiboxaldehyde 

3  g  aldehyde  (2  moles)  and  1  g  o-phenylencdiamine  we.'C  heated  In  alcoholic  soltition  (10  ml)  at  ihe  boil  on  a 
««ater  bath  fox  an  hour;  after  evaporation  of  the  alcohol  a  ciystalllne  and  jesinoas  product  viere  isolated.  5  ml 
ethanol  was  added  and  the  erj  i.als  were  filtered  off  and  cashed  wah  alco&ol.  Ttield  1.4  g  (37.9^)  of  di*d.6''<iuinol- 
idene  -o*phenylenedlamlne  In  the  form  of  light -greencrysuU  with  m.p.  216-217'.  After  reciirttalluatlon  from  al¬ 
cohol.  m.p.  221-222!  Crystals  badly  contaminated  witit  .'csinous  liquid  -ete  eolated  from  the  moihet  liquor  after 
evaporation  of  the  ethanol:  no  mare  base  could  be  extracted. 

0.3898  g  sub.;  38.00  ml  NaOr*  (T  1.0964).  Found  S  14.98.  Calculated  N  14.51. 

Action  of  p-Phenylenedlamine  on  6-Qul:?oll.pec arboxaldehyde 


3  g  aldehyde  (2  rrolcs)  and  1  g  p-phenylened lamin'  were  heated  in  alcoholic  .solution  (20  ml)  at  the  boil  for 
2  hours;  a  finely  c-rysiallloe,  yellow  piodxi  came  down.  Aitex  cooling,  the  pcoduct  was  filtered  and  washed  with 
ethanol,  lield  3.4  g  (92,1^)  of  di-€.6--qulnolldeiK-p-phervleDediamine  in  the  form  of  light -yellow  crystals  wlUi 
m  p.  241-242*  (heaiir^  from  150'on  a  metal  block).  A!:ej  recrysulLtaiioc  from  glaciul  acetic  acid  the  m.p.  was 
252-253*  (with  preliminary  contnctioo).  Very  sparingly  soluble  in  ethanol  aud  dioxane.  soluble  In  glacial  acetic 
acid 


C.1828  g:ub.:  17.10  ml  f’aOH  (T  1.0964).  FotuJ  K  14.37.  C^HaS^  Calculated  K>:  N  14.61. 


Action  of  Benzidine  oc  6-QulnollDec  arbox a Idebyde 

3  g  aldehyde  a.J  1.76  g  henzidine  were  bested  in  alcoholic  solution  (20  ml)  at  the  boil  for  2  hoots,  a  yelloH 
finely  crystalline  prec.pitate  was  lormed.  Afie;  cooling,  the  precipuate  was  filrered  and  was.ned  with  ethatiol. 
Yield  3.7  g  (63.9f«t)  di-6,6'-ciumolidene-benzii:ine  In  the  form  of  yellow,  fine  crystals  wuh  ar  indefinite  melting 
point.  After  repeated  washings  wuh  dioxane  (wtule  hot)  and  iccrysiailirarion  from  glac  lal  acetic  acid,  the  nup. 
was  262-264'  (heated  on  meinl  block  from  150')  with  ireluninaty  rontiaction.  Ver  sparingly  soluble  la  alcohol 
and  dioxane,  soluble  in  glacial  aceuc  acid. 

0.:S34gsub:  14  16  ml  .NaOH  (T  1.0964).  Found  Nil.  66.  Calculated^:  N  12.12. 


SUMMARY 

i.  Reaction  of  ethyl  bremide  and  ethyl  iodide  wuh  B-qainoIinecarboxaldchydc  gave  the  conespondirp  alkyl 
halide  compounds. 

2  Oxidation  of  6-quinolinec  a’boxaldehyde  with  selenium  dioxide  leads  to  a  very  vloleiu  reaction  with  forma¬ 
tion  of  qulnolii.e-6<a!boxyllc  acid. 

3  C-Ouinolyl  alcohol  a'ld  C-quinoluiecarhoxyllc  acid  were  synthesized  by  the  action  of  t-o.accnnated  aqueous 
solution  of  po4asstum  hydroxide  on  C-quinoluiccatboxaldehyde  TieaTmcni  of  the  alcohol  w:in  methyl  Iodide,  ethyl 
bromide  and  etnyl  iodide  gave  the  corresponding  alkyl  halide  compounds. 

4.  The  acyloin  teaciion  of  6-qt:i.nolinecajboxaldehvde  tesulrt  In  much  rcsinu'lcation;  6.6'-quinoloin  a  Isolated 
In  insigniikam  amount. 

5.  e-Oiinollnecarboxaldehyde  was  condensed  wuh  u -aminopyrid  jic.  a  -  and  6-r.aphthylamlJieLS.  o-and  p-phenyl- 

hcnzidme.  Ti£  to*tcspo.uIing  C-quinoiidene-amlne*  and  6,6'>.iquinolldene-amlne»  were  synihe* 


Vs ,th  peliminary  reduction  with  zinc  dust  in  concentrated  HjSO^ 
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SYNTHESIS  OF  STEROID  COMPOUNDS  AND  RELATED  SUBSTANCES 

XXVIL  CONDENSATION  OF  CYCUC  6-DIKETONES  WITH  VINYL  KETONES  AND  TRANSFORMATIONS 

OF  THE  PRODUCTS  OF  THIS  CONDENSATION,  n 


I.  N.  Nazarov  and  S.  I.  Zavyalov 


We  recently  showed  [1]  that  ccndeibation  of  metbylvinyl  ketone  with  meihyldihydioresQrcinol  (H)  gives 
the  uiketone  (III),  cyclization  of  which  leads  to  9-ineihyl-1.6-diketo-A*“^-octalin  (IV) 


The  met  hoy  yoct  alone  (V).  simllai  in  sttuctuie,  has  been  successfully  used  in  oar  laroiatcry  for  the  prepara- 
Tlon  of  steroid  co.T'.pouads  of  the  cis-cls  series  by  the  method  of  diene  condensations  [2]  Tae  diketooctalin  (W) 
may  pieseni  greai  interert  as  a  starting  rriaierial  for  the  s>T.th;*sis  of  steroid  hormones  possessing  a  doubl=  bend  in 
the  C4— Cj  position.  Whereas  the  diketodcialir;  (IV)  itself  paves  the  way  to  synthesis  of  steroid  molecuiCs  starting 
from  ring  A  — B.  b^,-  suitable  choice  of  vinyl  ketate  and  cyclic  6-diketone  we  can  constrart  a  seroid  system  start¬ 
ing  from  ring  C  — D.  For  this  purpose  li  is  necessary  to  sv-nthesizc  acrivatives  of  diket'Xecalin  (or  1.5-dlkeiohy- 
drindane)  which  would  have  in  the  5-  (or  4-)  position  a  labile  hydrogen  or  a  subniiasri  permitting  the  atiacbmem 
of  the  remaining  portion  cf  the  seroid  molecule  to  the  existing  C  — D  ring  sysem. 

Our  psescni  investigation  is  also  devoted  10  the  fossibilily  of  syniiiesizing  the  bicj^lic  compounds  in  ques¬ 
tion  by  condensation  of  vinyl  ketones  with  cyclic  6-<likeiones. 

The  reaction  of  methyivinyl  ketone  with  dihydroresorcinol  (VI)  p; creeds  smoothly  in  methanol  solution  in 
presence  of  KOH.  but  a  mixtuie  of  approximately  equal  amounts  of  the  mono- and  bis-adducts  (VO)  and  (VIII)  is 
then  formed.  The  mono-add-oct  (VII)  is  a  hlgh-boiling  liquid  with  sircTigly  marked  acidic  properties,  changing  in¬ 
to  the  bis-adduct  (VIH)  under  the  action  of  methyivinyl  ketone  Unlike  the  methyl  de-ivaiive  (III),  which  is  smooin 
ly  converted  into  the  bicyclic  compound  (IV),  (y -ke£obuiyl)-<lihydrQrc.soicinDl  (VU)  prosed  to  be  ^alily  sable  to- 
wa.d  cyclizing  ageus.  In  presence  of  sodium  alcoholaie,  phospba'us  penioxide  or  acet-lc  anhydride,  depending  up¬ 
on  the  temperatures,  the  substance  either  does  not  undergo  any  change  ox  resinifies. 


O 


(VD 


CH>  =  CHCOCHt 

icoH 


CH,  =  CHCOCH 


i  C.M^HjTOCH, 


O 


(vm) 


Iiueraciion  of  methyivinyl  ketone  with  dlmedon  (IX)  also  gives  a  mixture  of  mono-  and  bis-adducts  (X  XI); 
the  conversion  of  the  first  into  the  second  compourid  is  leversible;  in  presence  of  aqueous  potassium  carbonate 
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wT*' 


solution  at  80-100*  the  bU*edduct  is  reconverted  into  the  njonokeiobutyi  denvatire  (X). 


^H,,. 


CHt  g  CHCOCHt 
(C,!%),NCHiCH,COCH, 


ch/:h/:och« 


CH|CH/X>CH| 


'iiCl;  HP 


CHpH|COCH| 

CHpHpOCH, 


It  Is  icterefiii^  to  nac  that  the  corresponding  bis-adducr  of  dihydroresorclnol  does  not  split  off  mcthylvinyl 
keione  in  the  specified  conditions. 

The  products  of  condensation  of  meihylvlnyl  keicne  with  dimedoc  (XJ  and  lit  enolic  iriCthyl  ether  (XU)  «io 
no:  c:vc  bicyclic  compounds  unde:  ihe  action  of  sodium  alcaiolaie  or  phospi.crus  penioxide.  As  In  the  case  of  the 
dlhydroieso.’cir.ol  derivative  thest  cempeunas  are  sithe:  recovered  unchanged  lro;n  the  reaction  mir’urc  o: 

undergo  considerable  resird-fir atic*. 

We  also  tried  to  synthe'duc  the  bicyclic  compounds  by  arwther  method.  We  subjected  dimedon  and  dihydio- 
resorcinol  to  the  action  of  I'diethylarr.lno-S-ketobicane  (XHI)  at  70-80*.  In  the  cars  of  dimedon,  however,  we  only 
sicceeded  in  obtaiiung  the  above-menticned  mono-adduct  (X).  while  in  the  case  of  dihydrorssorcinol  a  complex 
mixture  is  obtained  from  which  a  carboxylic  acid  of  unkiK>wn  suucture  was  isolated. 

On  the  other  hand,  bearing  of  l-diethylamJno-3-ketobmane  (XIID  with  methyldlbydroresorcino!  leads  duectly 
to  formation  of  9-methyi-l,6-dikeio-A^^-octalin  (IV).  This  transfoimation  proceeds  through  the  stage  of  triketorse 
(LID  which  cyclizes  under  the  influence  of  diethylamine  dirmg  the  reaction. 


+  (C,Hj),NCHpH|COCH, 


chIchpo  r 


The  preparation  of  &-carbethoxy-9-methyl-l,e<liketodccalin  (XX)  reqnircxi  carbethoxymethylvlnyl  ketone 
(XV 2).  whose  synthesis  was  effected  by  the  follow irg  scheme: 


Cjh^OCHjCHpOCl  ♦  .ViiCHCOCH, 
i 

COOCjH, 


CjKpCHpnpO  -  CH  -COCH, 

coocp, 


CH,  =  CHCOCHpOOCjH,  ■ 
(XVID 


C,HpCHpHpOCHpOCC,H, 

(XVO 


B -Ethoxypiopionyl  chloride  (XIV)  :c»ctt  with  sodium  eihyUccto»c«ate  to  give  the  diacyl  derivative  (XV) 
which  with  ammonia  undergoes  ammonolysis  with  tormatlon  of  ethyl  y‘’(e'’toxymethyl)^cetoacetate  (XVI). 

Distillation  of  the  latter  in  vacuum  in  presence  of  pHolueueiulfonic  acid  causes  cleavage  of  a  molecule  of 
alcohol  with  formation  of  vinylcarbethoxymethyi  ketons  (XVIO  hs  reaction  with  methyldihydroiesorciiiol.  sdUch 
proceeds  in  presence  of  sodium  methylate  with  considerable  evolution  of  heat,  gives,  in  addition  to  the 
ester  (XV1I1}>  the  bicyclic  dlketo  ester  (XIX).  This  occurrence  of  cyclizatioc  in  the  condUioas  of  condensation  can¬ 
not  be  regarded  as  unexpected,  for  in  this  case  ting  closure  is  facilitated  by  the  presence  of  an  active  methylene 
group  in  the  molecule  of  the  triketo  ester  (XVIU). 

The  triketo  eser  (XVni)  is  a  pure  keto  form,  since  In  the  cold  it  does  not  give  a  coloration  with  iron  chlo¬ 
ride.  The  triketo  ester  (XVIID  readily  cyclizes  when  heated  with  formation  of  the  unsaiiitated  djheto  ester  (XIX) 
which,  in  presence  of  platinum  catalyst  is  hydrogenated  to  5<arbetbpxy'9-methyl-1.6^iketodecalin  (XX).  Structure 
of  the  latter  was  confirmed  by  sidtjecting  it  to  saponificatioo  and  decarboxylation,  when  a  dIketone  was  obtained 
which  was  identical  with  the  previously  described  cis-8-metbyM,6<<liketodecaUn  (XXD. 


NsOCHt  j 


CH|CHiCO 


COOC,Hs 


COOCjH, 


eexx:^ 


(XVTID 


o 

11 


I  .1  J=o 


COOC^H, 


In  order  to  introduce  the  carbomeihoxyethvl  gronp  into  the  5-posiiion  of  the  diketooctalin  (IV).  we  started 
from  (y -caibomeihoxypropyl^-vinyl  ketone  (XXV),  wUicti  *te  synthesized  by  two  metnods. 

The  hydrochloride  y -(6*-piperidinojyopiortyl)-batyric  acid  (XXID  is  treated  in  a  medium  of  methanol  with 
dry  hydrogen  chloride.  The  resultant  amino  ester  (XXIII)  is  traraformed  into  the  mcihiodide  (XXIV)  whicn  is  then 
subjecied  to  dry  distillation. 

_  _  __  _ _ _ _ _ _ _ CH«OH  .  ^  r-., 


HCl  •  CfHjjNCHyCHjCOCH/THjCHiCOOH 


CsHi^NCH^HyCOCHiCHiCH^OOCH, 

(XXnD 


CH,  =  CHCOCH^HjCH^OOCH, 


I  CH,I 

■CHjI  •  CsHj,»iCH|CHiCOCHjCH/:H|COOCH, 
iXXIV) 


In  the  second  method,  y-(ethox>methyl)-aceioacetic  ester  (X*»^I)  in  presence  of  sodium  methylate  Is  con¬ 
densed  with  acrylic  ester  and  the  reaction  product  (XXVI)  is  saponuied  and  decarboxylaied  by  boiling  with  hydro¬ 
chloric  acid.  The  keio  acid  (XXVII)  is  eacrified  with  methyl  alcohol  in  presence  of  hydrogen  chloride  and  the 
resuliam  eaer  (XXVIU)  u  disiillul  In  vacuum  with  a  small  quantity  of  pKoluenesulfonic  icid. 


C^^JCHjCHyCOCH/:OOC^j 

(XVI) 


CHCKCOOCHj 

CHpNa 

H. 

•  HCl 


C,HjOCH^HiCOCK,CH/:CXX:H,  — 

(XXVUI)  j-C,H*OH  (CjHySOjH) 

CH,=CHCOCH/:H|CHyCOOCH, 


COOCjHs 

I 

C,HjPCHj[CH,COCHCH^H^OOCH, 

(XXVO  ^  HCl 

^  HP 

CppCH|CHpOCHpHpHjCCX)H  . 

(xx-vn) 


(y-C*rbomethoxypxopyl)*vinyl  ketone  (XXV)  adds  on  to  methyldUiydroieioiclnol  iindci  the  Influence  of  lodi- 
um  me'thylate  in  mahanol  solution.  He.Ung  of  the  reaction  product  (XXIX)  In  vacuum  with  oxalic  acids  gives 
a  crystalline  substance  with  a  neutral  reaction  whose  elementary  composition  exactly  corresponds  to  she  blcycllc 
compound  (XXX).  It  is  interestli«  to  note  that  the  triketo  ester  (XXIX).  unlike  the  triketone  (BQ.  docs  net  undet- 
go  cyclization  when  heated  with  sahs  of  secondary  amines  at  90-96*. 


(XXIX) 


The  reaction  of  mahyldlhydioiesorciiiol  (II)  with  dlvinyl  ketone  (XXXIV)  could  also  be  of  inicrest  for  the 
synthesis  of  polycyclic  compounds  related  to  the  ttaoJds. 

Divlnyl  ketone  (.XXXIV)  was  synihesized  by  the  method  of  N.  I.  liazarov  and  L  V.  Ta'gov  p)  by  reaction  of 
vinylacetylenemagneilum  bromide  (XXXO  with  foimaldehydc,  followed  by  isomerization  of  the  carbinol  (XXXU) 
and  cleavage  of  methanol  Ircm  the  dimethoxy  ketone  (XXXIU). 

CH,  =  CHCsCMg&  -  >  CH,  =  CH-C  »CCHpxI 

(XXXI)  (xxxn) 

jcHpH. 

|HgS04 

-2CH.OH 

CH,  =  CHCOCH  =  CHj-4 - - -  GHpCHpHyCOCHpHpCH, 

(XXXAO  (xxxm) 

Ic  the  course  of  ibL<  teactiur.  we  estabusbed  t^at  vinylacetyienetnagncsium  bromide  reacts  not  only  wuh  gase¬ 
ous  formaldehyde  but  also  with  solid  parafa'maldehyde ^  which  greatly  simplifies  the  performance  of  the  syzahesis. 

Addiiiop.  of  rnethyldihydiciesorcir^ol  in  ordinary  ccr^itlons  to  divinyl  ketone  (XXXTV)  gives  a  crystalline  bis- 
adduct  (XXXV)  Due.  however,  to  ihe  iruzability  of  the  subsuncc  we  were  unable  to  etfeci  Its  cyclization  to  the 
tncyrlic  kevone  (XXXVI) 


(XXXVI) 


The  meihyldihydroresorcinol  used  in  the  above -described  investigations  was  prepared  by  us  by  methylalion 
of  dir.ydroresorcinol  (VI).  A  c.oier  study  of  this  reaction  showed  that  the  low  yield  of  methyldihydioresorcinol  (II) 
was  connected  with  the  formatusn  cf  the  dimethyl  deiivaiive  (XXXVni)  The  srutture  of  the  latter  was  conlumed 
by  hydrolytic  cleavage  to  the  known  y  -aobutyrylbuiyric  acid  (XXXIX)  (4)  and  by  comparison  of  Us  properUes  wuh 
those  of  the  isomeric  e nolle  methyl  ether  (XXXVU>.v.h:ch  can  also  be  formed  In  the  process  of  methylalion.  We 
showed  that  the  _nol:c  ether  (XXXVII).  prepared  by  the  action  of  diazom.ethane  on  methyldihydroicsorcinol.  gives 


on  MpoDiflcation  ooc  the  cwboxyUc  acid  (XXXIX).  but  the  oiiginal  diketone  (IQ. 


(VO 


(H) 


COOH 

/ 


CH, 


CHt 

CH,-C 


(XXXIX) 


(xxxvno 


EXPERIMENTAL 


Methylvinyl  ketone  (I)  (b.p.  79-80*  n®  1.4460)  was  prepared  by  hydration  of  vlnylacetylene  (5). 

y‘(S'^ipefldiniopiopionyl)bigyTic  acid  hydzochlorld^  (XXII)  (m.p.  168-159*)  [6]  was  prepared  by  reaction 
of  y-acetylbutytic  acid  with  formaldehyde  and  piperidine  hydrochloride. 

Dihydroresorcinol  (VI)  (m.p.  104-105*)  was  prepared  by  hydiogenatioi.  of  lesoiclnol  (7). 

Dimedon  (IX)  (m.p.  144-145")  was  syntherized  by  reaction  of  malonic  e«et  with  mesityl  oxide,  followed  by 
saponification  of  the  product  of  cyclizatioc  [8], 

Oivinyl  ketone  iXXXI\0  was  obtamed  by  cleavage  of  alcohol  (rom  S.^-dmiethoxydiethyi  ketone  and  was 
utilized  in  the  form  of  a  methanol  solDion  (b.p.  25-40*  at  70  ram)  PJ. 

6 -Ethoxy pro pionyl  cMoride  (XT/)  (b.p.  62-64*  at  30  mm)  wa.s  prepared  from  fi-cthoxyptcpionic  acid  and 
thionyl  chloride  pj. 

Methylation  of  dihydrojesorcmcL  To  a  solution  of  sodium  methylate,  piepated  from  2.3  g  sodium  and  25  tnl 
dry  methanol,  war  added  with  stirring,  11.2  g  dihydroresorcinol  (VD  followed  by  16  g  methyl  iodide.  After  heat 
development  had  ceased,  the  mixtuie  was  boiled  on  a  water  bath  for  3  hours.  The  methanol  was  driven  off  in  va¬ 
cuum  and  10  ml  water  was  added  to  the  residue.  The  resultant  crystalline  precipiiate  was  drained  and  washed  with 
water.  Yield  5  g  methyldibydroresorcinol  (ID  with  m.p.  208-209*  (from  aqueous  ethanol). 

The  filtrate  remaining  after  separation  of  the  methyrdlbydroresorclnol  was  extracted  5  times  with  chloroform; 
the  chloroform  solution  was  evaporated  to  dryness  and  the  residue  fractionated  in  vacuum  to  give  0.7  gdimethyl- 
dihydtoresorcinol  (XXXVIID  with  b.p.  98-100*  at  39-40*  at  10  mm  (from  ligroine). 

Found  *70:  C  68.19,  68.40;  H  8.56,  8.53.  Calculated  C  68.5;  H  8.6 

Hyd.folytic  cleavage  of  dimethyldlhydioresorctrol.  3  g  dimethyWihydrorcsorc  inol  (XXXVIID  and  20  ml  di¬ 
luted  (1  :  1)  hydrof. hionc  acid  were  heated  cn  a  boiling  water  bath  foi  2  hours  The  mixture  was  extracted  with 
ether,  and  after  removal  of  the  ether  the  residue  was  distilled  in  vacuum  to  give  2  g  y-isobutyrylbuiyric  acid 
(XXXIX)  with  b.p.  143-146*  at  4  mm;  n“  1.4449. 

The  seinicarbazone  melted  at  183-184*  wuh  deoomposition  (fiom  methanol).  The  literature  gives  m.p.  185- 
185.5*  (with  decomposuion)  (4]. 

Preparation  of  the  methyl  ether  of  methyldibydroresorcinol  (XXXVII).  To  a  smpension  of  3  g  methyWihydro- 
resorcLnol  (II)  in  10  ml  ethe'  was  added  a  eiliereal  solution  ofdiazomeihane  umil  the  substance  dusolved  com¬ 
pletely,  Aftei  removal  of  the  solvent  the  residue  was  distilled  in  vacnam. 

Yield  2.8  g  methyl  ether  of  methyldihydrorcsoicinol  (XXXVU)  wuh  b.p,  98-99* at  3  mm;  m.p.  43-44  (from 

n*hexane). 
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Found  C  68.15.  68,26;  H  8.83.  8.80;  C,H,Pf.  OilculMCxl  %  C  68.5;  H  8.6. 

Treatment  of  the  ether  of  the  enol  (XXXVID  with  dilite  hydrochloric  acid  (1  :  1)  In  the  cold  quantiutlvely 
converted  li  into  mcthyldlhydrorciorclnol  (IQ,  m.p.  208-209 . 

Condensatio.*!  of  methvlvinvl  ketone  wuh  ddtvdroretorcmol.  To  a  soltttlon  of  1  8  KOH  In  8  ml  mct^ncl  was 
added  11  8  dihydroresoicinol  (VQ  and  20  g  methylvinyl  ketone  in  80  ml  methanol.  The  mixture  was  boiled  on  a 
water  bath  fa  3  hours.  After  the  methanol  had  been  uken  of!  in  vac  uum  the  residue  was  mixed  with  20  ml  uturated 
poiaalum  ctibcraie  solution  a.nd  exuacted  with  chloro’oim.  The  chlorofam  solution  was  evaperated  to  dryness 
am)  the  neutral  reaaion  pmduct  fraettonateo  In  vacuum  to  give  9  g  di*(>-keiobuiyl)'dihydrtxresorciiiol  (VIIQ  with 
b.p,  140-143*  at  0.5  mm.  m  p  123  124*  (fcom  i^ueous  methanol). 

Foufd  5?:  C  66  79.  66  78;  K  7.92  .  7  09.  Calculated  C  66  6;  H  7.9. 

The  alkaline  solution  remaining  after  the  exuaction  was  acidified  with  concentrated  hydrochloric  acid  (to 
Congo)  and  extracted  with  chlotoform  After  removal  of  the  solvent  the  residue  was  distilled  in  vacuum  to  give 
7  g  (y-ketobutyl)<<)thydroresorcinol  (VII)  with  b.p.  137-140*  at  0,2  mm:  n^  1.5400. 

Found  *h:  C  66  00,  66.15;  H  7.70.  7.65.  Calculated  C  65,9;  H  7.5. 

The  substance  possesses  well-marked  acidic  properties,  gives  a  dark-violet  coloration  with  iron  chloride  and 
displaces  carbonic  acid  fiom  iu  salts. 

Reaction  of  (y -keiobutyll-dihydroresoxiriol  with  methylvinyl  ketone.  To  a  solution  of  0.1  g  KOH  in  2  ml 
fTieihanoJ  is  added  2  g  (y  4eiobut>l)-dLnya-oresorclnol  (VII)  followed  by  2  g  methylvinyl  keiotic  in  8  ml  methanol. 
Tne  nuxtore  is  boiled  on  the  water  barn  fo:  3  Lours.  After  driving  off  the  methanol  in  vacuum,  the  residue  is  waked 
up  with  satinated  paassiu-m  carbor.xte  sol  Jtron  and  exiiacted  with  chloroform.  After  removal  of  the  solvent,  the  resi¬ 
due  c.rystallized.  Yield  1  g  of  3ul>siance  with.  m.p.  123-124*  (fiom  aqueous  methasol),  which  did  not  give  a  depres¬ 
sion  with  the  above-described  di-(7' 4.etob iiyl)-dlhydro'e»orcir.ol  (VELD. 

Ccr»deniation  of  methylvir.yl  ketone  with  dimed  on.  To  a  tolotion  of  1  g  KOH  in  8  ml  inethancl  was  added 
14  g  dimedon  (IX)  and  20  g  methylvinyl  ketone  in  80  ml  methanol.  The  mixture  was  boiled  oc  lire  water  bath  for 
3  fours.  .4tier  wor.kirig  up  in  the  usual  mair.cr,  ih**  neutral  portion  yielded  12  g  di-(y  -kstobJlyl)-dlinedon  (XQ  with 
m.p,  106-107* (from  aqueous  metranol). 

r  ou'd  <9::  C  66  60.  68.49.  H  8.84,  8  67.  Calculated  ‘Jb;  C  68.6;  H  8.6. 

From  trie  acidic  products  was  isolated  11  g  y -ketobutyldimedon  (X)  with  m.p  100-101*  (from  aqueoui  metha¬ 
nol). 

Found  C  66  6S.  68.71;  H  g.75.  8.76.  CuHjgO,.  Calculai^  C  68.6;  K  8.6 

Reaction  of  substance  (X)  wiih  methylvinyl  ketone  gives  the  bis-adduct  (XI). 

Tramfo-matior.  of  di-(y -keiob'ityl)-dirriedon  (XQ  into  the  mono-adduct  (X).  2  g  di-(y  -keiobutyl)-dimedon 
(Xl)  a'd  a  solirtion  of  2  g  potassium  carbonate  in  8  ml  water  were  subjected  to  slow  cisiillatlon  at  atmospheric  pres- 
'.ce  Mvt;yl.iri>l  Keior.e  (m.p  of  semicarbazone  140-141*’)  was  detected  in  tne  distilla’e.  Tfie  operation  was  inter¬ 
rupted  wpen  2  g  solaion  temained  ji  the  distilling  flasK.  This  residue  was  made  acid  toCongo  with  dilute  hydro- 
crlo’tt  ac  d  (1  •  Ij  at>d  the  ptet  Ipitate  was  recrysiallized  from  aqueous  methanol.  Yield  0.8  g  substance  with  m.p. 
loo-ior,  wmch  did  .not  give  a  dep.'tKior  with  the  mono-«dduct  (X). 

Pte-paraiion  of  the  meth-,1  ether  of  (>  4etobutyl)-dimedon  (XC)  To  8  g  (y  4etobutyl)-dlmedon  (X)  with  Stir¬ 
ling  was  added  a  3f^c  ethereal  solution  of  diazometrjne  until  nitrogen  ceased  to  come  off.  After  driving  off  the  sol¬ 
vent.  the  residue  was  distilled  In  vacuum. 

There  was  obtained  7  g  methyl  ether  of  (y  4eiobutyl)-dimedon  (XII)  wuh  b  p.  148-151*  at  2  mm.  m.p.  76-76* 
(fiom  ligroine -benzene  mixture). 

Fourxl  C  69  73.  69  61.  H  8  97.  8  96  Ci,H,p,  Calculcted  %  C  69.6;  H  8.9. 

On  lieaung  wub  dilute  (1  •  1)  FydrocrJo.ric  acid,  the  substance  was  entirely  transformed  into  (y -ketobuiyl)- 
dlmedor  (X).  j  j  f 


^  l<j:eirvla,n:r.o-3-^etobuta^e  withdlmtdov  A  mixtoie  of  7  g  dimedon  CJC)  arxl  14  g  of  l-di- 

>  .  .0  T-etob  (X...,  «as  heated  or.  a  water  bath  at  90*  fo:  2  hours.  While  cooling  with  Ice,  the  reaction 

with  dil’jie  hydra hlonc  acai  (i  ;  i;  until  ac.d  toCongo,  and  the  lesultant  crystals  were  drained 


tod  Wished  with  benzene  lo  give  2  g  with  m.p.  100*1 01  *(frcin  aQueoui  tnethinol),  which  did  not  give  •  depeettieo 
with  (yketobutyl)*dlniedoe  (X). 

Reactloaof  l-dlethyUrnlno-3-ketobtfine  with  dlhydiojetorclnol.  A  solution  of  5.8  g  dlhydtoresoicinol  (VI) 
and  7  g  l-dieihyUinino-3*ketobut*ne  (XUl)  in  50  mi  diy  benzene  was  subjected  to  dlnUlatlon  mi  atmospheric  pres¬ 
sure.  After  driviAg  off  40  ml  <»f  the  solvent,  the  residue  wu  made  acid  to  Congo  with  dilute  hydrochloric  acid  (1:  1) 
and  extracted  with  benzene.  Alter  removal  of  the  solvent,  the  residue  panly  crysullized.  Yield  1,5  g  acid  with 
m.p.  162-163* (from  aqueous  methaaol). 

FouiMl^;  C  71.38.  71.29}  H  7.92,  8.07  g<quiv.  234.  Cja^aO*.  Calculated  1>;  C  71.7i  H  7.7 

g^qulv.  235. 

On  hydrogenation  with  Pt  caulyst  in  methanol,  the  substance  absorbs  1  mole  hydrogen. 

Reaction  of  l-dlethylarrrino-3-ketobutane  with  methyl<iihyd.roreso:cinol.  A  mixture  of  3  g  methyldihydror 
resorcinol  (ID  and  5  g  l-dlethylamino-S-ketobutane  (XIH)  was  heated  on  a  water  bath  at  80-90*  for  2  hours.  After 
treatment  with  dilute  hydrochloric  acid  (1  :  1}  and  eiotactlo!!  with  benzene  the  product  of  reaction  wai  hactioa- 
ated  In  vacuum  to  give  0.8  g  substance  with  m.p.  48-50*  which  did  not  give  a  depression  with  authentic  O-meth^d* 
l,6-4iketo-A‘^^*oculln  (IV)  (1). 

Preparation  of  y -(ethoxymethyi)-acetoacetx  ester  (XVi).  To  a  suspension  of  fjdlum  ethylacetoacetate,  pze- 
paied  from  2.3  g  sodium,  13  g  ethylacetoacetate  and  70  ml  absolute  ether,  dmpwise  addition  was  made  of  14  g 
6-etboxypropionyl  chloride  In  14  ml  absolute  ether  with  cooling  (iced  water)  and  stirring.  The  reaction  mixture 
was  left  at  room  temperature  for  24  bcun  and  then,  after  separation  of  the  sodium  chloride,  utuxated  vriih  dry 
anmonla  while  being  cooled  with  ice.  The  ethereal  soliaion  was  washed  with  dilute  hydrochloric  acid  (1  :  1) 
and  then  with  9^  sodium  carbonate  solution.  After  removal  of  solvent,  it  was  subjected  to  fractional  dinlllatloa 
in  vacuum  to  give  4.6  g  y-(eihoxymethyl;-acetoaceiic  esrer  (XVI)  with  b.p.  80-84*  at  2  mm;  .4361. 

Found  C  66.92,  67.01;  H  8.55,  8.33;  Calculated  C  57.4;  H  8.5. 

Carbcthoxymethylvlnyl  ketone  (XVII).  3g  )r-(etboxymcihyl)-acetoacciic  ester  (XVD  and  0,04  g  p-tcluene- 
sulfonic  acid  were  subjected  to  distillation  in  vacuum  at  18-20  mm.  The  temperature  was  held  at  120-130*.  In 
these  conditiont  cleavage  of  the  alcohol  gradually  took  place  and  the  reaction  product  distilled  over.  Yield  1.8  g 
carbcthoxymcihylvicyl  ketone  (XVII)  with  b.p.  76  -78*  a:  IS  mm:  Up  1,4585. 

Found  %  C  58.97,  59.24;  H  6.69,  6.72.  Calculated^:  C  59.0;  H  7.0. 

On  prolonged  starxiing  the  substance  polymerizes  to  a  trtnspaiem  vitre'us  mau. 

Reaction  of  carbeihoxymethylvinyl  ketone  uhh  methyldihytlroresorclnol.  To  a  soluiico  of  sodium  methylate, 
prepared  from  0,05  g  sodium  and  16  ml  absolaic  methanol,  was  added  6.5  g  mcthyldihydioresorcinol  (IQ  followed, 
with  energetic  uiriing.  by  7.5  g  CAxi>£:hu*yir.ethylvinyl  Ketone  (XVn).  The  mixture  began  to  beat  up  and  continued 
to  do  so  for  about  30  minutes.  The  reaction  was  completed  by  heating  on  a  water  bath  at  60-55*  for  30  minutes. 

After  removal  of  the  methanol  in  vacuum,  the  residue  was  worJted  up  with  a  solution  of  3  g  sodium  carbonate  in  10 
ml  water  and  extracted  with  benzene.  The  solvere -free  reaction  product  ciycallized.  Yield  4  g  of  trlketoester 
(XVHI)  with  m.p.  113-114*  (from  methanol). 

Found  <50:  C 62.49,  62.52;  H  7.G4.  7.44.  Calculated^:  C  62.7;  H  7.5. 

In  the  cold  the  compound  does  not  give  a  reaction  with  iron  chloride;  on  heating  to  50-60  a  cherry-red  color 
appears. 

The  mother  llqiior  (6  g)  remairar.g  after  separation  of  the  crystals  of  iriketoesier  (XVIII)  was  distilled  in  vacuum 
to  give  3,8  g  of  the  bicycltc  eacr  (XIX)  with  b  p.  170-180*  at  0.5  mm;  n®  1.5208. 

Found  C  66.61,  66.63;  H  6.91,  7.18:  CuHnO^  Calculated  C  67  2;  H  7.2. 

The  substance  gives  a  coloration  with  iron  chloride;  the  2.4-dlniirophenylhydiazone  melts  at  208-210  (with 
decomposition). 

Cyclizatlon  of  the  ttlketoesier  (XVIII).  4  g  of  uiketoester  (X\'IID  distilled  in  vacuum  to  give  2  g  bicyclic 

(Xl"x)  wuh  b.p.  178-183*  at  0.5  mm;  1.6250. 

Found  %  C  66.65,  66.84;  H  6.96.  7,20.  C;4Hi^4.  Calculated  %  C  67.2;  H  7.2. 

The  2.4-dlniirophenylhydra2one  me’.ed  at  206-210*  (with  decomposition). 
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F0i«d1fc:  N  15.35,  15.15.  CtlcuUted^;  N  I8.t 

Hvd.»ogeriatlon  of  the  bievcltc  estei  (XIX)  2  g  bicycllc  f.n-*  (XIX)  wii  hydrogenated  In  5  ml  methanol  in 
preaence  of  platinum  oxide  at  room  temperature  and  noimal  pressure.  In  the  couse  of  an  hour  18  ml  hydrogen 
(1  mole)  was  absorbed,  after  hydrogenation  subuaaially  reased.  After  fieeLng  from  caulyst  and  aolveit. 
the  Kaction  product  was  fracoonated  in  vacuum  to  give  1.2  g  9-rocthyl-l,6-dikcto-6<:arbefhoxydecalin  (XX)  with 
b.p.  158-162*  at  1  mm;  n^  1.5168. 

Foural  C  67.06,  66.80;  H  3.11,  8  12.  CalcuUied  C  66.6;  H  7,9. 

Saponification  of  9-methyl-1.6-diketo-5<arbetho>vdecalin  (XX).  1.3  g  9-meihyl-l,6-diketo-5-carbethoxy- 
decalin  (XX)  and  20  ml  dilute  hyd'ochloiic  acid  (1  :  1)  were  leiluxed  for  6  houn.  After  lemoval  of  the  volatile 
products  in  vacuum,  there  was  a  readue  of  0.8  g  viscous  oil  from  wtJch  was  obtained  0.3  g  of  a  semicarbazone 
with  m.p.  222*223*  (with  dec  ompositron).  not  givLng  a  dep.-ession  vrtth  the  bis-scnucarbazone  of  authentic  cii-6- 
methyl-1.6-dikctodecaUn  (XXI)  P).  De  com  posit  ion  of  the  semlcarbazonc  with  hydrochloric  acid  yielded  the  9- 
meihyl-1.6-diketodecalla  iiself  (XXI)  with  m  p.  65-67*  aril  .TOt  giving  a  dep.'cssion  wiih  an  aulhemic  specimen  P). 

Preparation  of  (Y<arbom€thu)xvpropyl)-vmyl  ketone  (XXV).  1)  Into  a  mixture  of  40  g  y-(e’-piperldinopropio- 
nyl)-buryric  acid  hydrochloride  (XXIIj  arxi  250  ml  dry  methariOl  was  passed  a  arcam  of  dry  hydrogen  chloride  until 
th-c  soliaion  was  saturated.  After  driving  off  the  excess  of  alcohol  and  hydrogen  chloride  in  a  low  vacuira,  the  resi* 
due  was  treated  (while  cooling)  wuh  a  solution  of  20  g  NaOH  in  50  ml  water  and  extracted  with  ether.  The  ether¬ 
eal  solution  was  mixed  with  60  g  methyl  iodide  and  stood  fer  6  hours  at  room  temperature  before  evaporating  to  dry¬ 
ness  on  a  water  bath  The  residual  meihiodlde  was  »ub»ecied  to  distUlaiion  in  vacuum.  Yield  15  g  (y  <aTbomethoxy- 
propyl)-''inyl  ketone  (XXV)  with  b  p.  70-71*  at  2  mm,  1.4481. 

Found  C  61.37,  61.51;  H  7.97,  7  99.  CaH^jOa  Calculated  %  C  61.5;  K  7.7. 

Tr.e  >era’.taibazone  melts  at  1S7-188*. 

N  19,53.  19.62.  C,H;P,N>.  Calculated^:  N  19.7. 

2)  Ts  a  soliaicfl  of  th-,  sodium  derivative  prepared  from  5  g  y-(etl«oxymetbyl}*acctoacetic  ester  (XVI)  and 
0.2  g  sodiiCT..  W2S  aodcJ  2  g  methyl  acrylate  and  the  rrurturc  teated  for  4  hcun>  at  60-65*.  The  pioduct  of  con¬ 
densation  was  ’sclated  Ly  sapon-f;ca:ujn  by  boiling  for  5  hours  with  20  ml  dilute  hydrochloric  acid  (1  ;  1).  After 
removal  of  the  volatiles  in  vaccurr,.  the  residue  was  dissolved  in  10  rnl  methanol  and  the  solution  saturated  with 
d.-y  tydroge".  chJoide  before  evapoaiing  to  dryness  in  vacuum.  The  reaction  products  were  distilled  at  15  mm  in 
prcseixe  of  a  small  amoora  of  p-toiuenesulfonic  acid.  Yield  0  7  g  (y  <arbomethoxypropyl)-vinyl  ketone  (XXV)  with 
b  r  102-105*  at  15  mm;  hp  1.4490 

The  semic arbazone  melted  at  187-188* 

Piepa~at!'c»n  y  9-meir  »l-1.6-d:)<eto-5*(6-rarhome»r.c>yeTry!}-.l^^^-ortalin  (XXX).  To  a  solution  of  sodium 
met.fylaie.  prepared  f.-om  0.1  g  sod.um  ard  15  ml  tL-y  me^'a-jj!.  was  added  8  7  g  mcthyldir.ydroresoicinol  (II)  and 
10  g  (y  <  arbomcthoryp'opyl  '-viryl  Keto-ne  (XXV).  Tfic  mixiu'e  was  boiled  on  a  water  bath  for  6  hours.  The  sol¬ 
vent  was  tai-er  off  f  vacu.m  ard  ise  n::ulu»  wo*Ked  up  witr,  sodrum  carbonate  rolutiun  and  enii^jcied  with  ether. 
Removal  of  I'.e  latte:  left  15  g  \.AfOb>  o:i(r.«  1  .4860;,  rot  distilling  wiinoat  decompo.'iilion  even  in  high  vacuum. 

3  g  of  the  crude  condensation  p.rjdjtt  and  1  g  oxalic  acid  wce  .heated  at  140-150*  for  2  1/2  hours.  After  cooling. 

The  mixture  was  worked  up  »ith  2  g  sodium  carbonate  and  20  mi  water,  the  crystals  were  dialned  and  washed  with 
etner  Fraaional  cry  stalls,  a  non  from  benzene  gave  0  4  g  9-fnetnyl-1.6-dikeu)-6-(B<arbomcilioxyethyl)-A‘^“^- 
octabr.  (XXX;  wuh  m.p.  166-369*. 


Found  C  68.11,  67  94.  r:  7,41.  7.31  Calc ulated C  68.2.  H  7.6. 

Fhepa  at.on  o*  vinylerh^-. > ka~h’rz)l  (XXXI.)  Into  a  G'lgna'd  solution,  prepared  from  25  g  magnesium,  110 
g  einyl  b'om.de  and  400  ml  absolute  etner,  was  p8s>ed  65  g  dry  vir.ylacetylene.  Then  with  cooling  (ice  water)  arai 
er»e-get*t  cenrg.  50  g  ‘inely  cru-'.fd  para  orm aldehyde  was  introduced  in  po.nions  The  lemperatu.'e  was  held  at 
25-30*  by  eiitTjl  cooling  A'te-  '.Tardlng  lor  12  hoa.-s  at  room  lempe-atu-'c.  the  mi.nure  was  worked  up  with  ice 
and  dil=rt£  n>o:o:r.lo:ic  acid  (1  1,  T.nt  nhe:  layer  was  separate.:  arzl  dried  with  sodium  sulfate;  the  ether  was 

d-.ve-  off  a-d  ire  ie‘,duc  distilled  ir.  vacu'-jn  to  give  35  g  vinyle-hirylcarbuiol  (XXXIi)  with.  b.p.  57-59*  at  12  mm; 
1  4935 

R.ac..o.  d  N l_k«:tc.  e  witr  me»r\ld..'^^vd  oreio.-t  irzil.  To  a  solution  of  sodium  methylate,  prepared  from 
^  i  sod.jm  a.id  o  ml  d>  metr^ioi,  wi?  Added  7  g  mo-.riyldih,dro.'e.Qrc mol  (II)  and  2  g  di'  uryl  ketone  (XXXIV) 
in  ^  ml  mctunol.  Tne  mrstuie  -as  bo.led  on  a  water  bat:  for  3  hou-s  and  then  evaporated  In  a  vacuum  at  50-60*. 


The  residue  was  worked  up  with  sodium  carbonate  solution  and  cxixacted  w<*.o  chloroform.  After  removal  the 
solvent  the  residue  partly  crystaUized  to  give  1.7  g  of  bis-adduct  (XXXV}  with  m.o.  10C-101*(fron:  aqueous  methanol). 

Found  %  C  68.17,  68.22;  H  7.82,  7.75.  C„H|dO*.  CalculatfJ  %.  C  68.2;  H  7.8 

SUMMARY 

1.  It  is  shown  that  condensation  of  dibydroresorcinol  (VO  and  dimeden  (IX)  with  roethylvinyl  ketone  leads 
to  a  mixture  of  mono*  and  diketobutyl  derivatives  (VC.  VIIL  X  XO.  The  action  of  various  cycllzing  media  upon 
the  mono'ketobutyl  derivatives  (VII,  X)  failed  to  give  the  conesponding  bicyclic  diketones  (l,6'dike:ooctaliiiB). 

2.  It  was  established  that  in  the  reaction  of  l^iethylamino*6*ketobutane  (XIU)  with  dimedon  formation  takes 
place  of  the  ntonoketobutyl  derivative  (X),  while  the  reaction  of  the  ume  ketoamine  with  methyldibydroreiorcinol 
(O  gives  9-methyl -1,6-d  ike to-A*^“'*oaalln  (IV). 

3.  Methods  are  cesr.ribed  for  the  preparation  of  carbethoxymetbylvinyl  ketone  (XVC)  and  (y  <arbomethoxy'* 
propy]}^lnyl  ketone  (XXV).  Their  condenutioc  was  effected  vrith  methyldihydrciesorcinol,  leading  toring<lo> 
sure  to  form  the  substituted  diketoocullru  (XIX  XXX). 

4.  It  was  established  that  the  bis-adduct  (XXXV)  is  formed  in  the  reaction  of  divinyl  ketone  with  methyl* 
d  ihydroresorc  InoL 

5.  The  methylation  of  dibydroresorcinol  was  studied  and  it  was  observed  that  the  dimethyl  derivative  (XXX* 
VIC)  is  formed  side  by  side  with  methyldOtydroresorcinol. 
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THE  SULFONATION  REACIION 
XXXI.  THE  iraTLAL  RATIOS  OF  NAPHTHALENEDISOLFONIC  ACIDS 

A.  A.  Sprytkov  «nd  B.  I.  KaravaeT 


Ii  is  known  that  in  the  sulfonation  of  naphthalene  to  monosulfonlc  acids,  two  isomers  are  always  obtained,  one 
of  which  “-depending  upon  the  temperature  and  the  duration  of  sulfonation  —predominates.  Thee  are  no  conflicting 
sutcmenu  in  the  literature  aboia  the  quantities  of  isomers  formed  at  high  temperatures  (130-165^.  but  the  dau 
aboil  the  ratios  of  isomers  formed  at  temperatures  of  0  to  6C*  i.e.  when  their  isomerization  has  not  yet  taken  place, 
are  extremely  conflicting. 

Thus,  Fierz^avid  [1]  considers  that  below  40“  4^  6“Sulfonic  acids  and  96^  a -acids  are  formed.  According 
to  Lantz  [21  at  20  to  60“  B -sulfonic  acids  are  formed.  According  to  the  data  of  works  analyses  PI  the  con¬ 

tent  of  the  B 'isomer  reaches  155>.  At  7  to  80*  Perelman  [4]  obtained  15-18lt  B -sulfonic  acids. 

While  not  concerning  ourselves  at  all  with  the  problem  of  the  formation  of  Isomeric  disulfonic  acids,  we  set 
forth  the  literature  data  on  the  amcurus  of  isomers  which  are  formed  at  low  temperatures.  i.e.  when  they  do  not  yet 
undergo  isomerization. 

Flerz-David  and  Hasler  [S]  point  out  that  sulfonation  of  naphthalene  a:  40* gives  about  25^  l.G-disulfonic  acid 
and  70^  l^b-disulfonic  acid.  Ufimiscv  and  Kiivoshlykova  [6]  sulfonated  nai^thalene-B-sulfcvnic  acid  at  the  ordinary 
temperature  and  obtained  about  20^  1. 7-disulfonic  acid  and  80^  1.,6-dlsulfotiU;  acid.  According  to  the  data  of  works 
arailyser  [31.  the  ratio  of  1.5- to  1.6-isomer  resulting  from  $ulfo:ution  of  rujKY.halcne  at  20-60*  is  £5:35.  At  the 
Dorogcmilov  plant  [9]  operation  at  a  sulfonation  temperature  of  25* gave  71-72^  1, 5-diS'>lfonic  acid;  witn  a  higher 
Sulfonation  temperature  up  to  65*.  the  amount  of  1.5-isomcr  was  found  to  be  6Cflc.  Lantz  [10}  found  thar  in  lulfona- 
'tlon  of  a -sulfonic  acid  at  low  temperatures  there  is  fonned  77^  l,5-6cld  together  v.-iih  a.n  unknown  acid  (apparently 
1.7-disulfcnic  acid)  and  2^%  l.o-ficid.  Sul'criatior.  of  6-arid  gave  7C^fc  1,6-acui.  16^  x-acid  (probably  1.7-)  and 
7*^  each  of  2,6-  and  2,7-iscmers.  However,  Lantz  nude  the  qualification  inat  the  mearuremenu  wee  not  carried 
oia  with  the  accuracy  needed  for  quantiutive  stidy  a.id  that  met.hods  of  analysis  were  employed  which  were  only 
suitable  for  mixtures  containing  r^ot  more  than  three  difulfcnic  acids.  Fierz -David  and  Richter  [11}  also  sulfonated 
the  B-icid  and  found  in  the  sulfonated  mixture  2Cflt  l,7-di5ulfomr  acid  and  80*^  1.6-acid. 

The  composition  of  the  sulfonated  mixture  obtained  by  the  action  of  chloicsulfonic  acid  on  naphthalene  has 
scarcely  been  studied.  Armstrong  [12]  wa»  of  the  opin.on  that  only  the  1,5-duulfcnic  acid  is  obtamed.  V.  M.  Rod¬ 
ionov  [13]  obtained  88^  o»*  the  theoretical  yield  of  unpurified  1,5-disuifochlonde.  while  Hollak  and  co-workets  [14] 
obtained  59^.  The  literature  does  not  mention  whether  and  in  what  quantities  other  isomets  are  formed  by  the 
action  of  chloroiulfonic  acid  upon  naphthalene. 

It  th:j  investigation,  we  undertook  to  establish  the  content  of  a  -  and  6 -isomers  obtained  by  monos ilfonatlon 
of  naphthalene  and  then,  after  salfonating  the  a  -  a-xi  B-s  ulfonic  acids,  to  determine  the  amounts  of  disulfonic  acids 
formed  and  to  calculate  the  mirial  ratios  of  disulfonic  isomers  which  are  formed  on  sulfonation  of  naphthalene  in 
conditions  in  which  isomerization  has  not  yet  taken  place. 

EXPERIMENTAL 

Monosulfonation  of  naphtlialene  was  performed  at  temperatures  of  0  and  57*,  i,e.  below  the  temperature 
(70*)  aT  which  the  a*acid  begins  to  hydrolyze  [15].  The  reaction  was  carried  out  In  a  hermeiicaily  closed  broad 
test  tube  fitted  with  a  tube  and  a  grouid-glast  stopper  into  which  was  fused  a  narrow  tube.  Auached  to  the  latter 
was  a  rubber  tube  through  which  passed  a  stinei  tigntly  fitting  into  the  rubber  tube. 

To  a  weighed  amount  of  naphthalene  with  cooling  and  stirring,  sulfuric  acid  was  added,  dropwise,  through  the 
tube  in  the  course  of  ten  minutes,  and  the  mixture  was  then  stirred  for  10  hours.  After  solution  in  watet.  the  unre- 
acted  naphthalene  was  separated  and  determined  by  the  method  previously  described  by  one  of  vis  [151  The  total 
acidity  of  the  filtrate  was  determined:  from  the  amount  of  residual  naphthalene,  the  sulfuric  acid  taken.a!]d  the  total 
acidity,  the  amount  of  monosulfonlc  acids  in  the  mixture  was  calculated.  The  discrepancies  Li  the  amount  of  mono- 
sujfonic  acids  found  on  the  basis  of  the  naphthalene  aid  on  the  basis  ol  the  change  of  acidity  fluct  jatrd  w.tliin  the 
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range  of  0.2.-^  and  demoiuuated  the  absence  of  dlsulfoDic  acids.  The  comem  of  a^cld  was  determined  by  pre- 
cipitation  with  m-nliioo-anUidlne  fl61 

The  experimental  resuUs.  set  forth  In  Table  1.  showed  that  85^  of  aHiomer  Is  obulned  regardleu  of  whether 
the  sulfonation  it  performed  at  0  or  57*. 

TABLE  1  Sulfonation  of  a-oaphtha* 

Sulfonation  of  Naphthalene  with  99.8  5»  Sulfuric  Acid  over  a  Period  of  10  hours  lenetulfonic  acid.  A  weighed 

_  ■■■  amount  of  the  dihydrate  of  the 

Expt.  Moles  H1SO4  Temp.  1 _ a -acid  was  dried  in  the  same 

No.  taken  per  CC)  !  Cone,  of  sulfuric  I  a-acul  in  ^  of  sum  rf  vessel  In  vacuum  over  phospho- 

mole  naph-  '  acid  m  mixture  monosulfonic  acids  pentoxide  at  76-78*  until 

thalerre  O) _  (*) _  -  nearly  the  whole  of  the  water 

270  2.071  0-1  94.2  85.0  was  lost;  then,  with  cooling  and 

271  i  2.003  0-1  93.5  85.3  stirring,  oleum  was  added  f»m 

272  1  2.044  i  56-57  89.2  85.5  a  dropping  funnel  through  the 

274  1.701  56-67  86.8  85.2  tube.  The  residues  of  oleum  on 

the  walb  of  the  funnel  were 

washed  into  another  vessel  arxl  titrated;  the  tube  was  closed  and  the  vessel  kept  for  12  hours  at  room  temperature  and 
for  5  hours  at  56-67*  with  periodic  stirring.  The  weight  of  the  vessel  after  the  experimen:  confirmed  its  herroeticity. 

A  poniOT  of  the  sulfo  mass  was  tfiec  analyzed  by  the  method  of  erdiaietive  sulfonation  which  we  previously  described 
[171  while  the  residual  amount  was  dissolved  in  a  measurmg  flask  for  determination  of  the  total  acidity  and  the  con¬ 
tent  of  1.5-isomer  by  the  benzidine  and  xylidine  method  [181 

The  experimental  results,  sti  fonh  in  Table  2.  showed  that  sulfonation  of  the  a -acid  gives  (in  round  figures): 
75^  l,5"disulfon:c  acid,  10^  1.6-disulforiic  acid.  ISPh  1,3- and  l,7-di$ulfoDlc  acids. 

The  formation  of  1.7<ji:zlfon;c  aod  on  sulfonatiou  of  the  a -acid  had  cot  previously  been  reported.  The  amount 
of  1.3-isomcr  is  considerably  less  ti'Ar.  the  amount  of  1.7-i.,omer. 

TABLE  2 

Sulforiation  0  -Nzrcnhalcresullonic  Acid  at  66-57*  in  the  Course  of  5  hours  with  20.4^5  Oleum 

Expt.f  Moles  f'ee  SO,  !  rcir.d  (in  of  sum  of  sulfonic  acids  )  1  Remarks 


Expt. 

Moles  H^04 

Temp. 

Found 

No. 

taken  per 

CC) 

Cone,  of  sulfuric 

a -acid  in  lb  of  sum  oT 

mole  naph¬ 

acid  m  mixture 

monosulfonic  acids 

thalene 

(1*) 

c^) _ 

— 

270 

- - 

2.071 

0-1 

94.2 

85.0 

271 

2.003 

0-1 

93.5 

85.3 

272 

2.044 

56-57 

89.2 

85.5 

274 

1.701 

56-67 

86.8 

85.2 

Exp:.; 

Moles  f'ee  SOj 

f 

*. 

.^cir.d  (in 

of  sum  of  sulfonic  acids  ) 

No.  j 

laket  per  mole 

i 

1  e-ecid 

i  1.5-arid  j 

1  1,3- and 

1 

a  -acid 

j  by  benzidine! 
1  method  i 

!  byxyUdine{ 
i  method  ! 

'  1.7-aciib 

282 

0.775 

i  0.3  1 

r  1 

1  74.3  1 

1  74.1  j  8.4 

T  '  "•  ~ 

1  16.1 

264 

'  0.801 

1-3  , 

,  73.3  1 

1  75.1  •  10.1 

1  14.4 

291  ‘ 

'  0.789 

-  0,9 

72.3  i 

i  74.2  9.8 

I  16.0 

^  0.775  I  0.3  1  74.3  j  74.1  j  8.4  I  16.1  We  assume  lliai  the  a~ 

264  '  0.801  1.3  ,  73.3  j  75.1  10  1  1  14  4  acid  b  transformed  by 

291  '  0.789  -  0.9  ‘  72.3  i  74^2  ^  9  8  16  0  exhaustive  sulfonation 

'  •  •  into' terras ulfonic  acid 

Sulfonation  of  g ■flap-~■^^.ale.^es^lfonic  acid  was  carried  out  by  the  same  procedure  as  for  the  sulfonation  of  the 
0  -acid,  except  that  me  oleum  was  introdiKed  in  such  quan’uy  that  the  free  iali'ur  trioxide  was  only  sufficient  for 
buvfng  the  water  of  crystallization  of  the  sufcric  acid  (1  mole).  The  sulfo  mixture  was  anal^-zed  by  the  Indicated 
methods  [17  IS).  In  the  sulfonation  of  fi-aetd,  the  formation  it  possible  of  c,6-and  6,6 -isomers,  while  fetrmation 
of  i.w-acid  u  impossible  In  the  determirjtion  of  ^7-acid  in  the  form  of  ber.zidinesulforiaie  the  1,6-isomer  was 
isolated  a.  well  as  the  2. 7-isome!.  Thus  prompted  us  to  double  the  dilution  of  the  solutio.'u  in  comparison  with  the 
previous  instruriions  and  led  to  a  very  large  correction  for  the  losr  of  2,7-ixomer. 

The  resu-t$  of  tlie  experiments,  set  forth  in  Table  3.  showed  that  sulfo.nation  of  the  6-«cid  gives  (in  round 

figiue$)r  6r9:  1.6-dbuJfonif  acid.  21'?;  1.3- and  1.7-disulfonic  acids,  11^  2. 7-disulfonic  acid  and  IfL  2,6-disulfonic 
acid. 

TA  BLE  3 

Sulfonation  of  g -Naphthialenesulfonic  Acid  at  66-57*  In  the  Course  of  5  hours  with  99.5lt  Sulfuric  Acid 
-^1.1  Moics  j—  *~ound  (in  ^  of  total  sulfonic  acids)  T  Remarks 


We  assume  that  exhaustive 
sulfonation  of  the  irisulfonic 
acids  gives  50‘?i  tztrasulfonic 
acids. 


Evpi.  j 

Moles  HjSO^ 

1 

^ound  (in  ^ 

of  total  sulfonic  acids) 

No.  1 

1  taken  per  mole 

[  Trisulio’-iic  1 

[  2.6' 

^  2.7-  , 

1.6- 

1.3-and  1. 

_ 

6-«cld  ' 

'  ac  ids  ! 

acid 

acid  ! 

acid 

acids 

290 

I  4.833  j 

1  1.2 

!  1.1 

12.4  1 

63.8 

21.5 

292 

-  \ 

1  5.838 

3.6 

1  1-2 

!  10.3  1 

65.7 

19.2 
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The  deu  for  the  compoiUlpn  of  the  tulfooic  acid  mixtures  obtained  on  I'llfoiutlon  of  the  «-aad  B^ocldt  per- 
nui'  calculation  of  the  composition  of  the  disulfonic  mixtures  obtained  by  direct  sulfonation  of  napltthalene  and  In 
the  absence  of  isomerization.  The  dUulfonlc  mixture  obtained  by  sulfonation  of  naphthalene  comalns:  1.5^. 

sulfonic  acid,  IB%  liS-dUMlfonic  acid.  16^  1.3- and  1.7-ditulfoaic  acids.  hTft  2,7<lisulfonic  acki.  O.SfJb  2,S4isnl- 
fonic  acid  (see  scheme) 


699>of  the  naphthalene 
/  \ 


19%  of  the  naphduleae 

00-  ■■ 


76*%  of  a  -Isomer 
O^of  E -Isomer 
63.7^  of  napluhalene 


10^  of  a -Isomer  IS^  of  a -isomer 

67%of  fl-iscmei  21^  of  8 -isomer 

18. of  naphthalene  16.9%  of  oaph'haileiie 


oi  a -Isomer 
1*%  of  8 -isomer 
0.2^  of  Dsi^.thaleoe 


0^  of  a  -isomer 
ll%>ef  6 -isomer 
1.“^  of  naphthalene! 


Tbe  experiments  on  the  sulfcnet^n  of  lu^^ihaienc  and  iu  monosulfonlc  acids  consequently  shew  that  the  isc- 
mei  meet  labile  toward  hydrolysis  is  fcm'>ed  predominantly.  Thus  from  naphthalene  we  get  mainly 

a -acid:  from  a -acid  mainly  1,  •^Isuiioiiic  acidtfioir.  8-acid  1,6-dUulfsnic  scid.  Tuis  rule  can  also  be  extended  to 
8,6 -isomers  from  which  always  norc  of  the  moxe  labile  2. 7-isome:  than  of  the  2.6'isomer  appears  in  the  sulfonic 
mixture;  in  conditions  of  absence  of  theu  h/drolysis  the  ratio  of  2.6- to  2,7-isomer  is  1:8.5. 

SUMMARY 

The  ratio  of  a  -  and  E-naphthalenesulfonlc  acids  formed  by  sulfonation  of  naphthalene  at  low  temperatures 
was  determined.  Sulforution  of  a  -  and  S-tulfonlc  acid  at  low  temperature  (57^  was  followed  by  deteiminaiion  of 
the  amount  of  sulfonic  acids  formed  in  each  case. 

The  compotiiioii  was  calculated  of  the  disulionic  acid  mixture  obtained  on  direct  sultonaiion  of  luphthalene 
in  conditions  of  absence  of  isomerization. 

It  is  shown  that  the  isomers  which  are  the  most  labile  of  all  to  hydrolysis  are  foimed  in  prepoiklerance. 
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SYNTHESIS  OF  DERIVATIVES  OF  SStINE  PEPTIDES 
M.  M.  Botvinik,  S.  M.  Ayteva  ajid  E.  A.  Mlatiyakov 


It  was  prerlouily  esublished  [1]  that  the  peptide  bonds  in  ptoteln.  fonned  at  the  amino  gionp  of  0<hydroaainli» 
acids,  are  hydrolyzed  considerably  nmre  easily  than  others.  It  was  shown  (indirectly)  that  this  phenomenon  is  eyl^ 
dently  associated  with  pirevlous  reanangement  of  N*peptides  of  0-4tydiox amino  acids  into  0^>eptides.  which  then 
easily  bydmlyze. 


CH,-CH-CONH ... 
OH  NHCOCKCS)  ... 


H^ 


CH,-CH-CONH 


i  I 


I 


NH^ 


COCH(8) ... 


Considering  that  such  processes  may  take  place  not  only  daring  acidic  hydrolysis  of  proteins  but  also  in  the 
animal  organism,  we  decided  that  a  study  of  the  ^enomenon  of  migration  of  the  amirxiacyl  residue  in  the  peptides 
of  serine  was  desirable. 


The  ability  of  the  aminoacyl  residue  to  migrate  from  nitrogen  to  oxygen  and  from  oxygen  to  nitrogen  was 
recently  demonstrated  by  us  for  the  ctae  of  ethanolamlise  [2] 


CH,-CH,  — «► 

I  I  OH 

OH  NHR-« - 


CHf-CH, 

I  I  L 

OR  NH,H* 

where  R  =  COCH,NKCOC^^  COCH(CK/:^:,)KHCOC*Ki,  COCHjNHCOCHfNHCOC^V 

For  the  purpose  of  studylrig  this  pheiumenon  with  derivatrves  of  n-hydrcxamitkO  acids,  a  series  of  esters, 
amides  acd  acylared  peptides  of  serlise  were  synikesized. 


The  synthesis  was  e?caed  by  retctiun  between  hydrochlorides  of  serine  esters  and  chlorides  of  acylatcd  .imino 
acids  In  condltioru  slightly  departing  from  those  given  In  the  liteiature.  Experiments  were  performed  In  tvesence  of 
tcriiAry  a  mines,  which  greatly  simplified  the  course  of  the  reaction  a.nd  improved  the  yield  of  peprldes  [3]. 


GHa-CH-COO£  CH,-CH-COOR 

I  I  ♦  R-CONH-CH-COCl— »  j  | 

OH  1^,-HCl  •  OH  NHCOCH(R)NHCOR- 

*  R. 

The  following  were  synthesized:  isopropyl  ester  of  N-(phthaIoylglycyI)-*erine  In  72^  yield:  methyl  ester  of 
N-(phthaloylglycyl)-texme  in  b4^  yield:  methyl  ester  of  N.(ben2oyi)hcnylalanyl)-serinein  71^  yield.  The  last- 
named  was  obtained  in  the  form  of  two  dlasteteoisomen. 

In  presence  of  roethylamine.  the  methyl  esters  were  transformed  Into  the  conesponding  amides  of  N-acyl  de¬ 
rivatives  of  peptides  of  serine 

CH,-CH-COOR  CHj-CHnCONHCH, 

I  I  ♦CH,NH,-k  1  ( 

OH  NHCOCK(R'}N’HCOR"  OH  NHCOCH(R’)NHCOR- 

The  following  were  synthesized:  meihylamlde  of  NHP'toluenesulfoglycyll-serine  In  79^  yield  and  the  methj^l- 
amide  of  N-(benzoylphenylalanyl)-serine  In  about  lOCffe  yieid. 

In  the  reaction  of  the  methyl  ester  of  N-(phthaloylglycyU-$erine  with  methyUmine.  the  dimethylamide  of 
N-pht ha loylglycyl serine  was  isolated  Instead  of  the  anticipated  amide 

CH,-X:H-C0^H,  CHt-CH-CO^H, 

I  I  ro  ♦CH,NH,-^|  I 

OH  NHCOCHjNOc-H^  oh  NhCOCHjNHCOC^H^ONHCH, 

*  CO 

All  the  above-mentioned  compounds  are  now  prepared  for  the  first  time. 
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EXPERIMENTAL 

p»eparatiDn  of  isopropyl  citer  of  N-^phthaloylglyc'yl)*«e>lne.  To  a  soiUUon  of  1. i2  g  phthajoylglycyl  pb* 
loiide  m  5  ml  dioxane  wsi  added  0.92  g  of  the  hydxochloilde  o!  the  bcpiopyl  e«er  of  $etine  and  (graduaUy)  2  ml 
d'ctbylanlllne  (the  solition  being  cooled  from  time  to  tune).  Mixing  letulted  iniapld  solution  with  appreciable 
heat  gerieiaiion.  CrytiaU  lapidly  separated  and  after  20-25  minutes  the  reaction  mixture  was  very  vlsco«.  After 
an  interval  of  50  mlnurei  from  the  start  of  the  reactlcrs  addition  was  made  of  15  ml  l:g4»lao.  p<  reaction  ptix- 
tore  formed  two  layers  which  after  energetic  shaking  for  an  hour  changed  into  a  thick,  crysialUne  mass,  Afiei  fit 
tration  and  washing  on  the  filter  first  with  Ugroine  and  then  with  water,  the  substance  was  rec.^ystallHied  from  chlo.-©- 
'o:m  (a  mixtute  of  dichloroetfiane  and  llgrolne  could  also  be  used)  to  give  1.27  g  liop-*opyl  esie.  oi 
cyl)<c'ine.  Yield  72^,  m.p.  187*. 

Found  N  8.58.  8.66.  CuH^O^N,.  Calculated  V  N  8.3f.‘ 

2.  Reparation  of  methyl  ester  of  NHphthaloylglycyl) -serine.  To  a  soluuon  of  8.^  g  phihaloylglycyl  chio’jde 
in  20  ml  durxane  was  added  8.24  g  hydrochloride  of  the  methyl  ester  of  serine  (m.p.  1340.  To  ilte  reiultant  sus¬ 
pension  was  added  in  the  course  of  10  mirartes.  wlrh  cooling  with  cold  ware?,  12  g  dieiaylaju.line  duoolved  ta  10  mi 
dioxane.  This  caused  nearly  complete  solution  of  the  precipitate,  followed  aftei  15  minutes  by  separation  of  the 
methyl  ester  of  N-(phthaloylglycyl)*serine.  A^ter  an  hour  the  reaction  mass  solidified.  TheAioxare  was  driveti  off 
in  vacuum,  the  residue  worked  up  with  waier,  filtered  and  jecrysulUzed  from  alcohol. 

vieid  6.7  g  methyl  ester  of  N-(phxhaloyiglycyl)'!»eruie  O'  54ffeo5ihe  theoretical. 

Found  N9.20.  Calc ulated  5b:  N  9.15. 

Since  the  esters  oF  the  serine  de'-ivatives  crysiaILze  badiy  and  are.  iheieFo’e,  dlf^lc ail  to  purify,  the  piCpa'ed 
compounds  weie  utiiieed  in  the  sutsequeni  amiiionoiyj:^  reaction  wahoui  fuither  purification  or  firthcr  Investigation. 

Reaction  of  methyl  eger  o*  NKphthalovlgycyli-serine  with  methylamlne.  To  I  08  g  methyl  ertet  of  N"(I^thaloy- 
^Iycyl)-se:ine  was  added  5  ml  of  ZJ’h  solution  of  meUryiaml,ne  lu  methyl  alcohol,  rapid  solution  being  observed.  Tnc 
real  iicnmas.  was  kept  at  nio.m  temperature  for  48  tours.  A  tmail  quaniiiy  of  crystals  tame  down  and  va*  redlssoived 
by  gen'ic  seating  The  excci.-  o*  methylamme  ard  mehnyl  air  ohioi  v  a=  dri^n  off  in  vacuum  and  the  residual  c:ys- 
laLne  rr.as.  d-.sioi.«d  :r.  alcohol.  Adduionof  ether  to  the  alcoholic  soiiit*on  broug.h:  down  0  95glubtianc€  wiih  m  p. 
IGO*  ;eadJy  soluble  :ii  water  and  alcohoL  jiisoluhle  ui  ether  and  acetone. 

.ludg-'.g  by  the  ai;al^-sis  tlie  prepared  cc.mpound  was  the  dimetr.ylamjde  phthaioylghycylserlne. 

Found  •%:  C  53.74.  53.72;  K  6.0".  6.13;  .N  16.93.  16.89.  Calculated  5b:  C  63.67i  H  5.95; 

.S  16.66 

■Meinyl  e-:e’  o*  *v-(P~toltrenesulfoglycyl)-se-Ute. 

a;  4. 7  g  N;-(p-ioluenesal*o)-glycLne  (m.p.  145-1 46*).  4.5  g  phosphorus  pemachloride  and  20  ml  dicblorocThaiK* 
wtre  a.-ned  ^o’  ar.  hou."  a:  .'oorr.  temperature;  much  hydrogen  chloride  was  evolved.  Afier  compie'e  lolmio'',  addition 
wa«  made  -o  ire  'caction  miruie  of  20  ml  toluene,  a  gelau.nous  preclpiiaie  came  down  and  wai  filieicd.  The  fil¬ 
trate  Vi:  evapoiaied  in  vacuium  at  30*  and  the  prccipuaie  was  tiituraicd  with  ligioinearkl  tiajufeired  to  a  filtei.  5 
was  Ni*(p-<oluencsuifo;-glycyl  chloride.  Yield  3  2  g  (63. CF?:)  M  p.  85*  The  substance  was  used  without  funhei  puri- 
*:f  anon 


b)  To  a  minurc  of  2  02  g  the  hydror.''lo  ule  o*  the  methyl  ester  o‘  serlr.c  (m.p.  134")  ard  a  solution  of 
3.2  £  S-^p-tOi  jenesui*o)-glycy!  chlo'ide  in  20  ml  dichloroethane  was  gradually  added,  with  stiring,  6  ml  dleihjl* 
ar.ili'ic.  Vv-tti  <  or.sidc'ahlc  neat  development  the  hydtorhlortoe  of  the  serine  methyl  ester  dis-olved  After  iitand’ng 
.o.  an  at  oo.m  leinpfatoie,  the  w!.o]e  mass  ihickened  up  comideiably^  owing  to  sepatation  of  c  rysials.  20  mi 
’..greint  and  25  ml  -atc'  we^e  added:  two  transpa'cnt  layers  were  formed.  Shaking  for  a.n  hour  led  to  ciynallizafic.'i. 
The  cr>$:al<  wf't  fike-ed.  washtd  with  ether  ard  dissolved  In  butyl  alcohol  by  heating.  The  insoluble  portion  was 
•cjeaed  and  the  filtrate  was  worj/ed  up  with  ether.  The  .»esuliam  crystals  were  filleted  and  washed  wUh  ether. 

^  Tr.e  e  wa..  ordained  2  g  met.^yl  esie:  o'  .Mp-tolueru sulfogiycyl)-serine  Y.eld  4e5b  o'  iV  theo;etlf at.  m.p 
14€-:4^  The  m.thyl  esie-  o!  N  (PHoiuenesuL^oglycyli-serlne  is  soluble  on  heatir.g  m  eiryi  axo.hol.  dxr;o:oe:r-ane 
and  a^ie  ,  o  coo.,..g  .?  romes  do-n  .n  the  form  of  small  needles.  From  aqueoiu  soluium  ll  tomes  down  y.  the 

-C. IT.  o  a  .  o.i  W...C..  siow.y  crystallizes  The  compound  was  used  for  ammonolysis  without  fu-thci  examli:atiO'.  o 
purif.caiion. 


Found  5fc:  N  8  49.  8.51,  CuHaO,N,S.  Calculated  5b:  N  8.48. 
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N^pHolu<inesulfoglycyl)Herine.  To  2  ^  methyl  ester  of  N^P'ioluenesulfoglycylWeiloe  wm$ 
added  20  ml  of  3Sff>  solution  of  mcthylamine  in  methyl  alcohol.  After  48  hours  at  room  temperature,  the  methyl 
alcohol  *nd  the  methylamine  were  distilled  off  in  vacuum.  The  oily  residue  crystallized  when  triturated  with  • 
mixture  of  acetone  and  ether  (1:1).  The  rnethylamide  of  N-^p4oluenesuifoglycyl)-seTine  was  recrystaliized  from 
water.  Yield  1.5  g  (75^),  m.p.  145*.  It  crystallizes  from  water  in  lableu.  Soluble  in  methyl  and  ethyl  alcohols. 
Insoluble  In  ether. 

Found  C  47.68.  47.93;  H  5.92.  6.01;  N  12.8,  12.9;  S  10.40,  10.35.  CuHjPjN^.  Calculated  It;  C  47.41; 

H  5.77;  N  12.76;  S  9.72. 

Methyl  ester  of  NKbenzoylphenylalanyl)-serine.  2 -Phenyl ■4-benzyl -5-oxazolor.e.  prepared  by  Mohr’s  method 
from  5.'^  8  benzoylphenylalanine.  was  dissolved  in  15  ml  dichlotoethane  and  the  resultant  solution  was  gradually 
added  to  a  solution  of  3.12  g  hydrochloride  of  serine  methyl  ester  a.nd  3.46  ml  dimeibylbutylamlne  in  15  ml  dl- 
chloioethane.  The  reaction  mixture  was  stirred  for  an  hour.  Solution  was  complete  after  30  minutes.  The  solu¬ 
tion  was  shaken  with  20  ml  water,  then  with  10  ml  N-hydrochloric  acid  and  again  with  10  ml  water.  After  drying 
over  sodium  sulfate,  the  dichloroethane  was  driven  off  in  vacuum.  The  residue  was  a  thick,  resinous  mass  which 
was  dissolved  in  alcohol  and  treated  with  10  ml  water.  On  shaking  the  heteiogeneous  mixture  and  cooling  to  O*”, 
crystals  came  down.  These  were  filtered  and  washed  3  times  with  ether.  There  was  obuined  3,2  g  methyl  ester  of 
N-(benzoylphenylalanyl)-serlne  (preparation  A).  Yield  42f^  of  the  theoretical.  M.p.  158-159*. 

Found  C  65.48.  65.51;  H  6.18,  6.27;  N  7.52,  7.66.  CjjHjPjN,.  Calculated  C  64.85;  H  5.90;  N  7.56. 

From  the  mother  liquor  remaining  after  separation  of  the  methyl  ester  of  N-(benzoylphenylalanyl)-serine  was 
obtaLned  yet  another  substance  (prepatation  B)  by  treatment  wi±  ligroine.  Yield  28^  of  tne  theoreticaL  M.p. 
13£-i40*  (from  benzene).  A  mixed  test  with  the  methyl  ester  of  N-(betizoylphenylalanyl) -serine  (A)  gives  a  m.p. 
depression  of  15*.  The  compound  was  evidently  the  diastereoisomer  of  preparation  A,  since  on  treatment  with  me- 
thylarr.ine  it  is  tiansiormed  into  the  rnethylamide  of  N-(benzoylpht3ylalaiiyl)-serine. 

Methylamde  of  N-(benzoyIphenylaian>i)-serine. 

')  From  methyl  ester  of  N-(faent:oyIphen\laIar.>i)-serine  with,  m.p.  156-159*  Tc  2  g  methyl  ester  of  N-(ben- 
ioyiphenylala.iy!;-seiine  was  added  a  tenfold  excess  of  33f«  scluru  n  of  methyla.T.ine  in  methyl  alcc-hol,  and  the  solu¬ 
tion  was  left  24  hours  at  room  temperature  Pan  o:  the  luimeo  .methylcmide  ery5t3llized  oui.  After  inspissaiioa  of 
the  mother  liqjoi,  the  xemaindci  separated. 

On  rec.rysiallization  from  aqueous  alcohol,  ihe  metnylamide  of  N-<benzoylphcnyla!anyl)-scnne  separates 
in  the  foim  of  lustrous  tablets  soluble  in  hot  ethyl  and  butyl  alcohols  and  sparingly  soluble  in  hot  water.  Yield  of 
rnethylamide  (a’)  nearly  quantitative.  M.p.  210*. 

Fou.vJ C65  39.  66.3S;  H  6  3S.  6  33.  Nil  39.  1 1.40.CitHaO^N,.  Calculated  *59:  C  65.04.  H6.24;  M1.38. 

b)  Fron  methyl  ester  of  N-<.benzoyIphenylalanyl)-setirie  with  m.p.  138-140*.  The  mother  liquor  remaining 
after  separation  of  the  methyl  ester  with  m.p,  158-159*  (A)  was  used  for  preparation  of  the  amide.  Evaporation  of 
the  mother  liquor  in  vacuum  left  a  viscous  oil  which  was  worked  up  with  a  tenfold  excess  of  33^  solution  of  methyl- 
amine  in  methyl  alcohol  in  which  the  oil  dissolved  completely.  After  24  hours,  the  reaction  mass  set,  owing  to 
separation  of  crystals.  These  were  filtered  and  recrystaliized  from  a  mixtoie  of  ethyl  alcohol  and  acetic  acid.  The 
rnethylamide  of  N-ibenzoylphenylalanyll-serine  (preparation  B)  toims  acicular  crystals.  M.p.  230. 

Found  ‘S?:  C  65.43,  65.28;  H  6.44.  6.42;  .N  11.4.  11.0.  Calculated  C  65.04;  H  6.24;  S  11.38. 

SUMMARY 

The  synthesis  of  a  series  of  derivatives  of  serine  peptides  is  described, 

LITERATURE  CITED 

[1]  P.  Desiiuelle.  A.  CasaL  Biochiin,  and  Biophys.  Acia,  2,  64  (1948);  D.  r.  Elliott,  Biochem  ...  5--,  M2 (.952). 

[2]  M.  M  Boivinik,  S.  M.  Avaeva  and  E.  A.  M'stryukov,  Ptoc.  Acad.  Sci.  USSR  82,  >2,  (195z). 

[3]  R.  A.  Boissonnas,  Helv.  Chim.  Acta.  34.  874  (1951). 

Received  June  S,  1953  N.  D.  Zelinsky  Laboratory  of  Protein 

Chemisiiy,  Moscow  Slate  University 


1809 


FURAN  COMPOUNDS 


V.  PREPARATION  AND  PROPERTIES  OF  3*<2''METHYL*5'-FURYL)-PROP£N-2-AL 
AND  SOME  OTHER  DERIVATIVES  OF  5-METHYL-2-f  URAlDEHYDE 


A.  A.  Ponomaxev  and  M.  D.  Lipanova 


The  condensation  of  2-furaIdehyde  with  various  aldehydes  and  ketones  has  been  the  subjecr  of  nunrentus  in¬ 
vestigations.  This  route  has  served,  in  particular,  lor  the  synthesis  of  many  unsamrated  furanic  aldehydes:  firylae- 
rclein  its  homologs,  furylpenudlenaL  etc.:  these  investigations  have  been  adequately  reviewed  in  a  series  of 
papers  [!•  2].  Of  the  unsaturated  aldehydes  of  the  furan  series  the  most  accessible  a»l  the  one  of  greatest  practical 
imporunce  was  furylacrolein,  whose  preparation  and  properties  have  been  studied  by  many  authors.  M.  V.  Likhosh- 
c.'stcv  and  co-workers  [1]  developed  a  iu)vel  method  of  synihesu  of  furylacmlein  in  a  yield  of  up  to  85lt.  These 
authors  also  closely  investigated  the  reduction  of  furylacrolein  with  aluminum  ethylate  and  established  that  in 
certain  conditions  the  yield  of  furylallyl  alcohol  m>ay  teach  60-7Clb. 

5-Methyl-2-furaldehydfc  has  received  very  much  less  attcmtor.  from  invcsiigaiors  than  2-furaldehyde.  This 
is  also  uue  in  respect  of  such  simple  derivatives  as  unsaturatcd  aldehydes  and  ketones.  In  the  present  paper  we 
report  the  peeparation  and  properties  of  some  new  denvaiives  of  5-tneiriyl-2'<u:aldchyde.  We  have  already  p.  4] 
descrbed  the  lychesis  of  3-(2*-fr.eihyl-5’-furyl)-pfiopcn-2-aI  from  3-methyl--2-furaldehydc  and  acetaldehyde,  Frx 
l!i  preparation  we  utilized  at  tht.  time  cordiiions  similar  to  those  aiicpted  by  M.  V.  Ukrcsherstov  [llfur  the  syn¬ 
thesis  of  fxylacrclcio.  l.c.  condcnsatian  was  eifccied  with  gradual  additiori  of  the  acetaldehyde  to  a  mixtuie, 
cooled  to  0*  of  5-rT;ethyl-24ura*dehi'de  and  a  0.5^  solution  of  sodium  hydroxide.  The  yield  of  3-(2'-m«thyI-5- 
furyl; -propea -2-0 1  was  only  23^  of  the  theoretical.  Repeated  experiments  with  maimenance  of  the  specified  con- 
ditioiu  gave  the  same  results. 


In  a  further  systematic  study  of  this  reaction  it  has  been  found  that  3-f2'-methyI-5*-furyl)'pfopen'2-al  is 
formed  in  considerably  more  satisfactory  yield  (6?^  of  the  theoretical)  if  the  method  u  slightly  modified  so  that 
the  acetaidehyde  (in  slight  excess)  is  added  gradually  to  a  rmxiu.'^e,  kept  ai  Zii'",  ol  o-meitiyi-z-fa;aiaenyde  a.nd 
aqueous  NaOH. 


The  3-(2'-methyl-5'-furyl)-propen-2-al  was  further  convened  (in  a  yield  of  2"^  of  the  theoretical)  Lite  3- 
(2'-mcthyl-6’4uryl)-propen-2-oH  (methylfutylallyl  alcohoD  by  reduction  with  aluminum  ethylate  in  conditions 
similar  to  those  for  the  preparation  of  furylallyl  alcohol  from  furylacrolein  fll  The  acetate  of  3-(2’-methyI-6’- 
*®y!)-propen-2-ol  was  also  prepared. 


Ii  Is  a  matter  of  some  interest  to  compare  the  physical  properties  of  furylacrolein  and  furylallyl  alcohol  and 
their  .methyl  homologi. 

In  Table  1  are  set  forth  the  data  for  all  the  above -mem  loned  substances. 

W’e  see  from  this  table  that  furylacrolein  and  us  methyl  homologs  are  characterized  by  a  EMq  of  the  order 
of  5  urJts,  which  is  in  full  accord  with  the  observation  by  a  num.ber  ol  orhet  authors  [5,  6]  of  a  consideiable  exal¬ 


tation  (4.1  to  5.8)  in  the  case  of  furfurylidene  ketones  of  the  type  of 


iH=CH“CO“R.  A  similar  phero- 


menon  also  occurs  in  other  cases  of  conjugation  of  the  double  bond  in  the  side  chain  with  the  furan  nng  and  car- 
(e  g.  ethyl  furylacrylate  [7]  has  EM^  ♦  4.481):  it  is  interesting  to  note  that  the  exaltation  is  much  lower 
when  only  a  double  bond  in  the  side  cliain  is  conjugated  with  the  furan  ring,  for  instance,  in  f urylcthy  lene  PJ 
EMq  1.63,  i.e.,  nearly  the  same  as  in  2-furaldehyde  (1.61).  As  would  also  be  expected  in  the  light  of  the  *orc- 
going  remarks,  the  molecular  exaltations  of  furylallyl  alcohols  proved  to  be  considerably  lower  than  those  of  the 
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corcspondlng  alcohols,  in  abioluie  n.agnitude  they  aie  close  to  the  exalutlon  of  furylethyleiie. 

In  Table  2  are  set  forth  the  dau  for  some  physical  ntoperties  and  coutf  leacUonc  of  fnranu:  unsatiaated  ke¬ 
tones  which  ve  prepa  id  by  condensation  of  5-raethyH5-furalucbyde  and  3-{2'fncthyl-5*-furyl)iiB)i>^n'2-al  with 
cyclopentanone  and  cyclohfxanonc; 

2RCH0  4  ^ 

n 

o  o 

• ..  ketones  possess  a  synmictxicai  structure  and  are  formed  In  acro.iiaac  e  with  the  above  scheme. 

'lose  similarltv  between  the  above-cnuroeraicd  ketones  and  the  corresponding  derivatives  of  2'furakle- 
nyoe  and  itrylacroleln  is  note  worthy. 

i 

EXPERIMENTAL 

5-Methyl -2-faraMehyde  was  p'epared  from  saccharose  [11]  as  an  oily  liquid  with  b.p.  75-76*  at  12  mm. 

Yield  22'S». 

Fouisd  %  C  65.81;  H  5.93.  Calculated  C  65.45:  H  5.50. 

3-(2'~Methvl-5'  furyl)-p!opfcn-2-al.  450  ml  10^  aqueous  sodi«ira  hydroxide  is  mixed  with  50  g  5-iDCthyl-2^ur- 
aldehyde  and  a  solution  of  30  g  at  eialdehyde  in  150  ml  water  is  slowly  sti.*^rcd  m  at  room  temperature  over  a  per- 
jod  ol  2  1/2  hous.  After  ail  has  beer,  added,  the  mixture  is  r.ir.ed  fo:  A.no»her  hour.  The  light -brown  oil  which 
separates  at  the  bottom  of  the  fLaik  is  collected;  the  aqueous  layer  is  neurraliacd  with  80^  acetic  acid  and  extract¬ 
ed  3  times  with  ethe.  The  eihcieal  exuacts  are  added  to  the  oil  and  the  ^i-real  sol^ricn  is  dried  with  calcined 
sodium  sulfaie.  The  eUie'  is  driven  off  ard  *e  residue  distilled  in  vacuuin  at  5  mm.  A  f> action  with  b.p.  98-130* 

Is  collected  and  subjected  to  z  second  distiliaticn.  Metbylfiiylacmleln  comes  o'-er  a:  i0C-i02*(5  mm).  Y’ieid  ^ 

41.5  g  (67.1^  o'  theo:*tic.al). 

n*  1  6089;  c®  1.1006:  Milp  42.82;  Calc.  37.1S7. 

round  C  70.53:  70.19;  H  5.99,  5.69;  M  134.1.  C,HgOj.  Calcuiaiec  C  70.57;  H  5,92;  M  138.14. 

3-(2*-klcthyl-5’-furyl)-ptopen-2-al  b  a  yellow  oil  with  an  odor  resembling  that  of  f  jrylacjoleln  but  less  pun¬ 
gent;  it  has  a  sweet  taste'  it  1*  soluble  m  the  common  organic  solvents,  slightly  soluble  in  water;  darkens  on 
keeping. 

The  semicarfaazone  Li  prepared  by  mixing  an  alcoholic  solution  of  the  aldchvde  with  a  soliaion  of  semicarha- 
2ide  hydrochloride  and  sodium  acetate  and  directly  healing  the  reaction  mixtice.  Forms  beautiful  whiiie  xaies.  The 
yield  IS  quan’uauve.  M.p.  191* (a^e;  3  recry stallixations  from  alcohol), 

Pound  *5::  N  21.51.  21.35;  Calculated^;  K  21.74. 

The  dlnit-opherylbyd-azo^e,  p.i-epared  by  the  usual  method,  forms  red  crysuls  with  m.p.  216-216,5*  (after  3 
-ecrystalliaations  ‘mm  a  mlna*e  of  alcohol  and  ethyl  acetate). 

3-  (2*-Me»hyl-5'-fa  >1)  pmpen  2-ol-l.  Lnio  a  round -bottomed  flask,  fitted  with  a  Hahn  column,  were  Introduced 
30  g  3- (2'  methyl  5*  ?iryI)-p"open-2-ai,  150  ml  dry  ber.zene  and  27  g  aluminum  e  hj’.aie;  beating  was  carried  out 
on  a  waie  baiti  unv.l  the  bcv.ene  bo  leo,  w'n.lfc  pissmg  a  weak  stream  of  nitrogen.  The  experiment  la-^fed  2  1/2 
r.ou.s.  A.-  ’he  cr>d  o'^  ’he  eypcrriTjeni  the  so’ irion  had  darkened  app.’eciably.  The  benzene  solution  was  then  rtin  ir 
small  portions  into  cooied  lO'^c  sulfuric  acid  whose  amount  was  calculated  for  complete  b’nding  of  the  aluminum  (2*15 
ml).  The  benzene  solurion  was  separated  and  the  aqueous  portion  further  eMracied  with  two  portioas  (50  ml)  ben¬ 
zene.  “The  combined  benzene  ert'acts  were  washed  with  a  small  quantity  of  sodium  carisonate  solurion  and  then 
with  Wale:  and  dried  wuh  ralrmcd  sodium  sulfate.  After  driving  off  'Jie  sol'vec.thticsid  jewa?  distilled  in  vacuum 
and  a  fL'st  broad  ’’ar’ic.*  (120-14C’*ai  6  mm)  coUec'icd.  A  ser  ond  distillation  this  fiactlon  in  vac  uum  (i»om  a 
flask  vnh  a  colu.mn;  gave  6  g  (27^  of  the  theoretical)  of  3-(2’-methyl-5'-f  iryl)-proper.-2-ol  wnih  b.p.  125' (15  mm). 

Hp  1,5561;  dj  1.088:  MRp  40.63;  Calc.  38.71. 

Found  C  69.61,  69.61;  H  G.85.  6.86;  OH  10.55,  10,51.  C,H,(0.  Calculated  C  69.54;  H  7.29; 

OH  12.3 
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251.5 

JJ— CH  «  CH  -CHO.  .  . 

100»102.(5 

1.1066 

1.6089 

42.82 

37.197 

191 

0 

xnm) 

(20*) 

(200 

n 

\  y^CH  *CH-CHPH.  . 

123-124  (20 

1.1001 

1.5514 

35.98 

34.09 

_ 

11] 

O 

mm) 

(17.6*) 

(H.S') 

r«  n 

i 

CH,— 1'  ^CH  =  CH-CKpa  . 

125  (15 

1.088 

1.5561 

40.S3 

38.71 

— 

o 

mm) 

(20') 

(20*) 

■  1 
1 

- 
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TABLE  2 


R-CH  =*, 


R-CH  <^=CH-R 
O 


am 

!  Color 

;  reactions*  j 

1 

mBgm 

Color 

W.p.  (*C) 

Cone. 

HjS04 

SbCl,and 

CHCl, 

1 

[ 

1  Yel- 

162-163 

1  '  — 
i  ( 

j 

Dade 

i 

1  Yellow, 

■  1 

1 

Lemon- 

1 

•145  (9) 

Vio- 

Yellow 

1  low 

[8] 

blue 

1 

1 

changmgto 
green  . 

yellow 

let 

changing 
to  green 

IycI- 

131-132 

i  j 

i  Dark- 

Green. 

Lemon- 

118- 

Vio- 

Green, 

1  low  I 

1 

1 

j 

1  blue 

1 

i 

changing 
to  blue 

yellow 

119 

let 

[changing 

jtodark-blui 

Orange 

151-152 

[10] 

Blue- 

green 

Blue 

Yellow¬ 

ish 

orange 

162.4 

110] 

Blu¬ 
ish-  j 
green  ] 

Blue 

Cher¬ 
ry  red 

165-166 

Blue- 

green 

Blue 

Orange 

168- 

168.5 

[4] 

Blu- 

Ish- 

gieen 

Blue 

HjC 


. 


H,C 


CH  =  CH  - 


CH  =  CH- 


•  ihe  color  developed  bn  adding  particles  of  the  substance  to  concentrated  sulfunc  acid,  oi  on  putting  on  niter 
paper  drops  of  solution  of  SbCl,  in  chloroform  conuimng  a  panicle  of  the  substance. 


The  alcohol  is  «  yellowah  oil  with  a  pleasant  odoi.  soluble  In  the  common  organic  lolvenu.  slightly  soluble 
In  water,  ft  polymerlxes  teUUvdy  quickly  when  kept. 

The  acetate  is  piepaied  by  heating  a  mixture  of  4.4  g  acetic  anbydrldr,  1  g  fused  sodium  acetate  end  4  g 
methylfuryiallyl  alcohol  foi  an  hour  on  a  water  bath.  The  reaction  mixture  is  washed  with  water,  then  with  sodium 
carbonate  loltfion.  and  exaacied  with  ether.  The  exuati  is  dried  with  coined  sodium  sulfate,  the  ether  U  dtlven 
off  and  the  resulual  oil  distilled  in  vacuum.  A  faction  (1.28  g)  with  b.p.  107-109  (5  mm)  b  collect.  Oeenidi- 
yellow  liquid  with  a  pleasant  odor. 

nj  1.6221;  df  L0736;  MRjj  51.2;  Calc.  48.07. 

Found  C  66.72;  H  6.80.  Calculated^;  C  $6.65:  H6.71. 

The  phenylur ethane  was  prepared  by  mixing  equimolar  amounts  of  Ihc  alcohol  arul  phenyllsocyanate  and  hear¬ 
ing  the  mlkiuie.  Whue  crystals.  After  3  recrystalUzatlons  from  carbon  tetrachloride,  needles  with  in.p,  10$  . 

Found  flfc;  N5.7.  CijHuNO,  Calculated  V  N  5.57. 

Condensation  of  S-methyl  2^u:aldehvde  wi±  cvcl<H?eu:anone.  To  a  solir.:ionof  5  g  5-methyl -2-fu:aldehyde 
(0  0464  mole)  and  1.9  g  cyclopeiiTAnone  (0.0227  mole)  Lt  20  ml  60i9>  alcohol  was  added  dropwlsc  0.6  ml  ICfft  NaOH 
solution.  Heat  was  developed  and  after  a  short  interval,  a  voluminous  oblige  precipitate  had  formed.  The  crystals 
were  separated  and  washed  with  water  and  dilute  alcoltol.  Yield  of  unputified  material  6.6  g  (m.p.  128-129  ).  Af¬ 
ter  two  tecrysta'lizatioDs  from  alcohol,  yellow  acicular  crystals  were  obtairi<td  wirh  monoclinic  syngony  and  slight 
pleochroism.  M.p.  131-132*. 

Found  C  75.94,  76.36,  H  6.47,  5.86:  M  250.4  (Hast).  CxjHtfiy  Calf ’ilaied  •?»:  C  76.10;  H  6.01;  M  263.29. 

The  ketone  is  poorly  soluble  in  cold  alcoliol  and  benzene:  readily  sol;>ble  in  hot  alcohol,  chloroforns,  dlcrsne.. 

Condensation  of  5-me'.hyI-2-furalde'nyde  w:th  cyclohexanone.  To  a  soliiionof  5  g  5'methyl-2-fwaldchydc 
(0.0464  mole)  and  1  ml  10^  NaOH  solixicn  20  ml  60^  alcohol  is  gradually  added  a  folurlon  of  2.22  g  cyt lohexa- 
none  (0.022'^  mole)  in  5  ml  alcohr-l.  Hear  u  deveiopexJ  and  the  mixture  ♦ums  cloudy;  afier  a  short  interval  a  crysril- 
line  precipitate  appe»'s.  This  is  collected  and  wa-bed  with  water  atid  dilute  acetic  acid.  Weight  of  anpiiClficd  pro¬ 
duct  6.5  g,  A.*ter  two  recrysullizaiions  fiom  alcohol,  it  forms  lemon -yeliow  needles  with  m.p.  118-119*.  Hade: 

?he  m  f  toscope  has  thr  form  elongated,  canary -yellow,  hexagonal  prisms  which  are  strongly  pleochtolc. 

found  C  '^6.84.  76.39.  H  6.55,  6.69:  M  2601  (Ras;).  C^H^p^  Calculated  C  76.57;  H  6.43;  M  282.3. 

Tt  e  ketone  Ir  insoluble  in  cold  and  hot  water,  sparingly  wluble  in  cold  alcohol  and  benzene:  it  Is  readily 
soluble  in  hot  alcohol,  c.bloro’orm  and  dioxane. 

Conden-iation  of  3-^2*  rreth'vl-5*'^uryl)-propen-2-al  with  f^yclopentancne.  To  a  solution  of  2  g  methylfuryl- 
ac’o.'t  r,  (0,014  molej  and  0,61  g  c yc lopentanorve  (0  07  mole)  i_n  10  mi  60^  cihyl  alcohol  is  added  dropwLse,  with 
snaking,  0.5  ml  10^  .NaOH  solution.  Afte.  a  few  mmaies  a  dark  oij  begins  u>  fotm  and  quickly  solidifies.  The 
crystals  a.e  collected  a’ld  worked  up  as  previously,  Tield  of  unpu-ified  product,  2.35  g.  After  recrystaUlzatlou  from 
isoprop.l  alroi'.Oi,  it  forms  cherry -red  needles  with  m.p,  165-166*.  Uixlei  the  mlcioscope  it  appears  as  slender,  red 
p.n.sms  without  pleoch'oism  and  with  te::agor,a]  syngeny. 

'■ou.Td  C  78.69,  78.86;  H  6.&4.  6.82:  M  330.57,  329.51.  Calculated  '5b;  C  78.72:  H  6.31; 

M  320.37. 

The  ketone  is  insoliiile  In  wate*,  pooily  soluble  in  cold  alcohol,  benzene,  gasoline,  and  carbon  te*.rachlor!de: 
read  11 V  soluble  in  not  alcohol,  benzene,  chloroform. 

Co  tide  nsa’ .0^1  0*  ‘^.£2‘~fliCth>»'5*-^H*>l)-P’on€n-2-ai.with  cyr  lohexatipne.  The  experiment  was  performed  as 
previously  desc'ibed  [4l  To  a  soiuuon  of  6  g  of  the  aldehyde  (0.044  mole)  and  1  ml  ICFjb  NaOH  soluion  in  20  ml 
60^  alfoho’  1*  added  dmpwLse  a  solution  o’  2.16  g  cyclohexanone  (0.022  mole)  In  5  ml  alcohol.  The  crystals 
fo-med  are  t.-ea’ed  as  be*Q.e,  The  ketone  C^H^D^  ‘omis  orange  crystals  with  m.p.  168-168.5*  appearing  under 
the  miC.-oscope  as  pnsmaiic  rablet..  sl.gh!Jv  pleoch-ou;  from  Lghtoiange  to  deep  orange,  and  possibly  possessing 
.hombic  syngony.  Insoiubie  ji  coid  and  hoi  waict,  pooily  soluble  in  cold  alcohol  and  benzene;  readily  soluble  in 
hot  alcohol,  cblo'o’otm,  dioxane. 


SUMMARY 

.  w  ^  deveaiped  for  the  jveparaiion  of  3  (2'-meihyl-5'-furyI)-pfopcn-2-al  which  permits  the  lyn- 

..s  o.  .  ai  ehyde  in  a  y.eld  up  to  ICfJo.  It  is  shown  that  3-(2'-mcthyl-5'-luryl)-propen-2-al  can  be  reduced  with 


Alnittiouni  ethylAit;  to  give  the  unsetuieted  Alcohol  3”(2*-incthyl'5*^uryl)-j>fopcn-2'«l-l;  tit  piopeitles  of  the  lettet 
AttI  lome  of  ia  dexivAtivet  aic  described. 

2.  A  description  is  given  of  some  properties  of  unsAtursted  fursnic  ketones  prepared  by  coodensjudoo  of  5> 
aieihyl-2'fiAAldehyde  And  3-(2'-fnethyl-5'-furyl)-ptopcn-2-ol  with  cyclopeniAiwoe  And  cyclohexAnooe. 
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PREPAHATION  OF  THIOPHENE  AND  ITS  HOMOLOGS  FROM  ALCOHOLS 


Yn.  K.  Yuryev  tad  L.  1.  Kbmelalttky 


According  to  die  data  of  Conary  and  co-voiken,  thiophene  aad  its  homologs  can  be  obtained  by  interaction  of 
hydrocarbons  with  sulfur  dioxide  in  presenceof  chromia-on^lumrxa  (20<^  chromia)  at  500>600*[l,  2.  3].  This  reac* 
tion  is  applicable  to  hydrocarbons  containing  not  less  thaj  four  carboc  atoms  in  a  straight  chain.  Buune  and  butenes 
give  thiophene  in  32^  yield  (on  the  hydrocarbon  used):  hydrocarbons  with  five  and  six  carbon  atoms  give  the  oor- 
responding  thiophene  homologs  in  much  lower  yields,  the  reaction  being  complicated  by  pmcesses  of  cleavage  giv* 
in^  rise  to  lower  homologs  of  thiophene  and  thiophene  iiseli. 


In  this  investigation  we  have  studied  the  interaction  of  aliphat-c  alcohols  (n-butyl.  Isoamyl  and  n^hexyl)  with 
sulfu'  dioxide  in  presence  of  chromia-on-al'imina  (20^  chromia).  It  was  found  that  the  unsaturated  hydrocarbons 
resulting  from  dehydration  of  the  alcohols  can  react  with  sulfur  dioxide  to  give  compounds  of  the  thiophene  series, 
and  that  the  optimum  conditions  for  this  teaaion  are  40C-4c0*  and  a  molar  ratio  of  SO^  to  alcoho.  of  1.5  :  L 

An  examination  of  the  liouid  and'giiseobs  products  of  the  reaction  of  n-butyl  alcolicl  with  sulfur  dioxide  in 
optimuir.  corniiions  siicwed  that  8  of  the  alcctol  is  convened  (after  dehydration)  into  ihiophcae,  approximately 
^  onK-  undergoes  dehydration  to  l-bi»ene  (isomcrixlng  fim-hcr  tc  S-btSenc  aod  partly  dehydrogenating  to  1,3-bitta- 
di>  ue).  and  approximately  of  tlie  alcohol  is  oxidized  to  bucyralcehyde  whL:.h  breaks  down  to  carton  nic.ioxlde 
and  propane,  the  larter  dehydrogenates  to  ptopene 


CK,Ch^HyCH|OH 


H 


-CO 

- 


GHjCH^CH, 


CH^H  =  CH» 


The  remaining  (approximately  60^)  n-butyl  alcohol  undergoes  rDore  drastic  oxidation  with  formation  of  car- 
boi.  Tiionoxide  and  a  carbonaceous  mass  deposited  as  a  deroe  layer  cn  the  catalyst.  Less  than  of  the  alcohol  is 
retovered  unchanged. 


When  the  n-butyl  alcohol  is  passed  over  the  same  catalyst  ai  450*  in  the  »bsence  of  sulfur  dioxide,  dehydration 
proceeds  nonnally  (to  tfie  extern  of  95^)  wuh  foimation  of  1-btf  ene  wiuch  isomeiizes  to  the  extent  of  80-89^  to 
2-bufene  [4]  (rhe  percent  isomerization  was  deiermintd  by  examination  of  the  Raman  spectra  of  the  mixture  of  di- 
bromobixanes  formed). 

If  the  alcohol  is  first  dehydrated  and  then  the  moist  mixture  o;  butenes  is  brought  into  reaction  with  sulfur 
dioxide  at  550*,  then  thiophene  is  obtained  in  33^  yield  (calculated  on  the  alcohol). 

In  the  iixeraction  of  isoamyl  and  n-hexyl*  alcohols  wuh  sultur  dioxide,  the  formation  would  be  expected  of 
3'TOCthylihio phene  and  1-ethylthio phene  or  2, 5-<limeihylthiophenc  respectively,  or  of  a  mixture  of  both. 


It  was  found  that  isoamyl  (I)  gave,  together  with  3-iT.ethyltl;u>?henol,  an  insignificant  amount  of  thiophene 
itself;  in  the  case  of  n-hexyl  alcohol  (II),  however,  the  product  was  2  etbyli.hioi^ene,  together  with  3-methyiihio- 
phene  and  thiophene,  whcieas  2,5-dimethylihiophene  was  not  formed  at  all. 


(D 


CH,-CH-CH, 

I  I 

CH,  CHPH 


SO| 


CrA'Al^ 


<pH,-CH, 

CH,CH,-CH,  CiHpH 

(ID 


•Catalytic  dehydration  of  n-hexyl  alcohol  at  450* gave  a  mixiiee  of  isomeric  hexenes  In  a  yield  of  80^. 


EXPERIMENTAL 


ChromUon-elumliu  w«i  prcpaied  by  the  known  method  [5]:  mixing  of  A  chromic  tolotlon  with  noB<Al* 
cined  aluminum  oxide.  The  caulyst  was  dried  first  at  110*  and  then  In  a  current  of  air  at  an  elevated  tempera¬ 
ture  up  to  450*.  The  activity  of  the  catalyst  was  checked  by  the  preparation  of  thiophene  from  a  mixture  of  bu¬ 
tenes  and  sulfur  dioxide  at  550*j  the  thiophene  yield  was  25.7?»  of  the  theoretical  (the  literature  [1]  reports  27.2^). 
The  aaivity  did  not  diminish  after  a  large  number  of  experiments. 

Before  each  experiment  the  reaction  tube  was  heated  to  550*  and  the  raulyst  was  activated  for  2-3  hour**  in 
an  air  currem  after  which  the  operating  temperature  was  established.  The  sulfur  dioxide  was  passed  through  a  flow¬ 
meter,  a  bidible  counter  containing  sulfu'lc  acid,  and  enieied  the  reaction  tube;  the  alcohol  was  run  In  from  a  drop¬ 
ping  fuiuieL 

1)  Thiophene  from  n-Butyl  Alcohol 

a)  First  series  of  experiments;  35  g  (50  ml)  catalyst;  tii>c  with  inner  diamacr  of  13  mm.  In  each  txpea- 
ment,  25  g  (0.34  mole)  n-biayl^cohol  (b.p.  115-116*  at  751  mm:  ng  1.3981;  d^  0.8101)  was  introduced  In  a 
stream  of  sulfur  dioxide.  Experiments  were  run  at  375,  400,  450,  500  and  550*  and  SOj/ alcohol  molar  ratios  of 
0.6: 1  to  3,2;  1,  The  space  velocity  of  the  alcohol  was  varied  from  0.1  to  0.5  ml  alcohol  per  ml  catalyst  per  houn 


The  reaction  tube  was  uinnected  to  two  receivers  cooled  with  Ice  and  salt:  the  main  bulk  of  catalyzate  col¬ 
lected  in  the  first  receiver.  Suspended  sulfur  hindeied  the  separation  of  the  aqueous  layer  from  the  dark,  oily  layer; 
the  catalyzate  was  uierelore  satursied  with  caustic  alkali  and  extracted  with  ether.  The  ethereal  extract  was  dried 
with  futed  NaOH  and  the  residue  dutllled  from  a  flask  through  a  tall  and  nanow  column. 

Results  oi  some  experiments  In  this  series  ate  set  forth  in  Table  1. 


TABLE  1 
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Space  velocity 

. 

Klolar  ra- 

Wt.  01 

Thiophene  ob- 

Alcohol  recovered 

V).  of 
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Veiociiy 

tio  0*  SO, 
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taiped 

unchanged 

Experi- 

ture  (TT) 
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of  SO, 

to  alco- 
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b.p. 

(in  g)'in  *^£f 

b.p. 

mem 
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hoi 

(g) 

(g) 

theory 

•  ^ 

CC) 

theory 

(*C) 

375 

0.19 

56 

1-3 

22 

1-3 

4.6 

84-67'  1.6 

r  '  1 

6.4 

112-117 

6 

400 

0.10 

34 

1.5 

13 

2.5 

8.8 

84-6?' 0.35 

1.4 

113-116 

14 

450 

0.16 

56  . 

1.5 

16 

2.6 

9.2 

63-66 

- 

- 

28 

500 

0.49 

135 

1.2 

10 

0.9 

52 

84-85 

- 

- 

2S 

550 

C.44 

135 

1.4 

10 

0.75 

2.7 

83-64 

- 

- 

In  oepenment  14  (Table  1)  distillation  of  the  reaction  prc..iict  (obtained  at  450*)  gave  a  fraction  with  b.p. 
83-eb‘  (746  mra),  2.6  g  (residue  0.2  g)  consisting  of  thiophene  (yield  9.2^  of  the  theoretical). 


Repeated  distillation  of  the  thiopl-rrte  (24.7  g)  from  a!l  trie  expeiirrienu  over  sodium  gave  pure  thiophene 
(23.5  g);  b.p.  83-84* (751  mm):  n"  1.625(.-;  0*4®  1.0618.  MRjj  24.28.  CalcuUied;  MRq  25.54. 

Found  S  38.10,  38.04.  C4H4S.  Calculated  S  37.93. 

Mercuraiion  [6]  of  the  thiophene  gave.2-chlorcmeicurilhiophenc  with  ra.p.  183-184*. 

.f^ound  Hg  62.91,  62.96.  C^KjHgCl.  Calculated  «?.;  Hg  62,85. 

,e  Lactat^c  data  for  thiophene  [7]:  b.p.  84*  (760  mm):  n*j5  1.5246:  1.0617:  [8];  b.p.  84.12*1760  mm); 

Hp  1.6267;  d^  1.0644.  M.p.  of  2'chloiomerrur.thtophcne  [Ij;  183-184*. 

Second  senes  of  experurients;  air.ount  of  catal>-st  71  g  (iOO  ml)  and  104  g  (150  ml),  tube  wuh  Internal 

umete'  20  mm.  At  450*  from  50  to  100  g  n-butyl  akohol  was  reacted  with  a  space  velocuy  of  0.5-1.4  with  a 
SOj' alcohol  rairoof  1.5  :  1. 


space  veioclry  of  the  alcohol  had  no  effect  on  the  thiophene  yield.  Th», 
or  instance  dmillatlon  of  the  product  of  reaction  from  76.5  g  alcohol  (100  ml  caralyst.  space  velocity  of  Iniro- 
ac  ion  ct  alcohol  1.3)  gave  the  following  fractioru;  1)  b.p.  84-87* (742  mm).  9.1  g:  2)  b.p.  87-112*,  0.3  g; 

^Mcre  prolonged  activation  (up  to  7  hou.rs)  did  not  improve  the  yield  of  thiophene. 


3)  b.p.  0.7  g.  The  flat  fraction  was  thiophene  (yield  10.^),  the  third  fiaciion  was  imrh^ng^  alcohol 

The  gaseous  producu  of  reaction  (79,0  g  alcohol  100  ml  catalyst,  space  velocity  of  introduction  of 
0.72)  were  purliled  from  hydrogen  sulfide,  sulfur  dioxide,  and  (partly)  carbon  dioxide  aid  collected  in  a  gasholder. 
Cu  composition  (27  liters  at  N.T.P.):  CO*  8.1^;  CO  20.5fl>;  H,  36.2?»;  0*2.4‘5t.  C„H,j  20.2lt;  C^H^  12.2%. 

c)  Third  series  of  experlmenti:  into  a  furnace  weie  Intuduced  two  tubes  with  inner  dlametec.  16  irun:  the 
first  comained  80  g  (140  ml)  alumina,  the  second  80  g  (115  ml)  chromlaon-alumlna.  Into  the  flat  tube,  in  a  weak 
nitrogen  stream,  was  introduced  71  g  alcohol  with  a  spat  e  velocity  of  0.5,  and  the  mixture  of  butenes  fooned  was, 
without  drying,  passed  Into  the  second  tube  into  which  was  inaoduced  sulfur  dioxide  at  a  velocity  of  360  ml/ min. 
Molar  ratio  of  SO*  to  alcohol  1.5  :  1.  The  catalyzate  was  saiuiaied  with  alkali  and  thrice  extraaed  with  etbet.  The 
ethereal  etfiact  was  dried  with  NaOH,  the  ether  was  driven  off.  and  the  xsidae  distilled  to  give  26.5  g  thiophene 
which  came  over  at  83^64*  (750  mm)  (yield  33%  calculated  on  the  alcohol  bsought  into  the  reaction). 

d)  Reaction  between  n-butyl  alcohol  and  sulfur  dioxide  was  carried  out  in  presence  ofsiiunina  alone, 
into  a  tube  with  an  inner  diameter  of  13  mm  was  charged  35  g  (75  ml)  alumina  and  at  450*  25  g  (0.34  mole) 
n-butyl  alcolu>l  was  passed  in  at  a  spare  velocity  of  0.3;  speed  of  introduction  of  sulfur  dioxide  100  ml/  min,  (mo¬ 
lar  ratio  of  SO*  to  alcohol  1.5  :  1).  The  thloi^eDe  yield  was  1.6  g  (5. 3%  of  the  theoretical). 


a)  First  senes  of  experiments;  35  g  (50  ml)  caulyst:  tube  with  inner  diameter  of  13  mm.  In  each  experl- 
inent  was  mtroduced  25.5  g  (0.29  mple)  isoamyl  alcohol  [b.p.  128-130* (753  mm);  dq  x.4060;  d“  0.8129] 

in  a  stream  of  sulfur  dioxide.  Experimeoa  were  run  at  400  and  450*.  molar  ratio  of  SO*  to  alcohol  of  1,3:1 
165: 1,  and  space  velocity  of  intr.viuaion  of  alcohol  0.30  to  0.63.  Tne  caialyzaies  were  worked  up  as  described 
above.  ‘Yields  of  3-methylthlopl’en.t  at  400  and  450*  were  subitantially  idenjical  and  reached  12,4%,  reckoned  on 
the  alcohol  used.  Thus,  for  example,  distillation  of  the  product  of  reaction  at  400‘,  molar  ratio  of  $0*10  alco¬ 
hol  of  1.6:1,  and  space  velocity  of  Introduction  cf  the  alcohol  0.30,  gave  the  following  fractions:  1)  b.p.  84-llC* 
(750  mm).  0.2  g;  2)  b.p.  110-113*’,  3.3  g;  3)  b.p.  113-127*.  0.3  gi  4)  b.p.  127-132*,  2.5  g;  resinous  residue, 

0.8  g.  The  iLsi  iractien  conuined  thiophene;  the  second  fraction  was  3-meibylrhio phene  (yield  12.4%  of  theor- 
eitcal,  reckoned  on  the  alcohol  used);  the  founli  was  unchanged  alcohol 

Red ist illation  over  sodium  of  the  3-methylthio phene  (22  gj  from  all  the  experiments  gave  pure  3-raethylr.hu)- 
.nhece  (20.6  g);  b.p.  114-115*(751  mm),  1.5200;  d^  l,020t:  MRp  2S.24.  *  CakuUied  MRj)  i.3.96. 

.^011^1%:  5  22.62,  32.52.  C*HeS.  Calculated  %:  5  32.67. 

Literature,  data  for  3-methylihio?hene  [9]:  b.p.  115.4* (760  mm):  1.5204;  d“  1,0216. 

b)  Second  series  of  experiments:  100  ml  catalyst;  tube  wuh  Inner  diame-.e.*,  20  mm.  In  an  experiment  at 
400*  91  g  (1.04  moles)  isoamyl  alcohol  (molar  ratio  of  SO*  to  alcohol  of  1.4: 1,  space  velocity  of  alcohol  0.6)  was 
pasied  over  the  catalyst.  The  catalyzate  was  worked  up  with  alkaL  and  the  oily  laver  was  collected  and  distilled 
(•jo  eliminate  resin)  befOiX  drying  with  fused  NaOH:  2  was  then  combined  with  the  residue  (usually  not  mote  than 
0.7  g)  obtained  alter  driving-  off  ihe  ether  (in  vacuum)  fiom  'he  ethereal  extract  of  the  aqueous  layer.  Furrier  dls- 
tillatlcc.  of  the  reaction  product  (from  a  flask  with  a  tall  and  narrow  column)  gave  the  following  fractions:  1)  b.p. 
83^4*  (754  mm).  0.3  g;  2)  b.p.  84-112*,  0.4  g;  3)  b.p.  112-li5‘.  8.2  g;  4)  b.p.  115-127*.  16  g;  5)  b.p.  127-130*, 
18.4  g,  residue  0.8  g.  The  fiat  fraction  was  thiophene  (>;cid  0.4%  reckoned  on  the  alcohol  used),  the  thrd  was 
3-mcThylihiODhene  (yield  10%),  the  fifth  was  unchanged  alcohol  (20.21%).  In  experimenis  at  450*(ouier  co.ndiuons 
be'ng  identtcal)  the  yield  of  thiophetcwas  8%. 

Hence,  the  increase  of  space  velocity  of  mtiodidction  o^  tne  alcohol  ^rora  0.3  (♦iru  series)  to  0.6  (second 
serici)  caused  a  reduetton  li:  3-melhyllhiophene  yield  from  12.4  ix>  10%  (at  400*)  atid  to  8%  (at  450*). 

Tne  correspotjing  fractions  of  thiopbtene  from  all  the  experiments  of  the  second  series  were  combined,  dis¬ 
tilled  over  sodium  and  fractionated  through  a  column  w:ih  an  efficiency  of  16  iheo.'ctical  plates,  the  following 
^'actions  being  obtained: 


B.p.  (747  mm) 

"d 

Wt.  (in  g) 

1 

70-84* 

1.5094 

— 

0.8 

2 

84-86 

1.5147 

1.0326 

1.0 

3 

86-112.5 

1.5172 

1.0271 

a2 

4 

112.5-lia5 

1.5156 

1.0226 

4.2 

5 

lias 

1.5202 

1.0217 

11.2 

The  fifth  ftactlon  was  pure  3-methylthiophene  which  was  also  present  In  the  fbuzth  and  fifth  ftacttons. 

The  sccorel  fraction  (judging  by  the  boiling  point)  must  be  thiophene  but  the  refractive  index  and  density 
of  this  fraction  were  higher  than  those  reported  in  the  literature  for  thiophene;  mctcuration  [10]  was  thetefete 
effected  of  this  fraction  as  well  as  of  the  first  ftaction. 

A  mixture  of  0.6  g  first  fraction  and  0.2  g  second  fraction  gave  1.7  g  2-ciiloromercutiuuoi^ne  wuh  m.p.  163- 
184*  (no  depression  was  observed  in  a  mixed  test  with  pure  2-chloioraercuntliiophenc)  arxi  1  g  2,5-dl-(chloioineicuri)- 
thiophene;  analysis  of  the  latter  gave  the  following  resulB: 

Found  It:  Hg  72.51.  72.59.  QH^Hg^l^  Calculated  Hg  72.38. 

Mercuratlon  of  14  g  of  mixture  of  the  fourth  and  iifth  ftactions  gave  17.3  g  2<hloromerr.url-3*fnethylthjo- 
phene  with  m.p.  128-129*. 

Found ‘St:  I-ig  60.25,  60.17.  CjHsSKgCl.  Calculated  ^t;  Hg  60.20. 

There  was  also  obtained  39.1  g  2,5'di-(cnloiomercun)*3-roethylthiophene. 

Found  Hg  70.34,  70.43.  CgK^SHg^l,.  CaJwUlated ‘?t:  Ffe  70.59. 

The  liieiaitt'e  ‘ai  2<hlo3omercuri-3-methylTluopfce!is  nup.  128-129*. 

Heaung  of  2,5-<ii-(chlotcmeiCun)-3-mcthylthiophenc  wljh  2(^  hydrochloric  acid  gave  4.4  g  pure  3-raethyl- 
thiopnene:  o.p.  115.1-115.4* (755  mm);  1.5207;  d”  1,0203;  hUbj  29.28.  Calculated:  29.96. 

FoiLTd  <9=:  S  32.59,  32.66.  C,HjS.  Calculated  ‘Jt:  $  32.67. 

A  comparison  of  the  constants  of  the  twc  jsreparauons  of  3-mcthylthiopbciie  (dial  obtained  from  the  pro¬ 
duct  of  leactioc  by  distillation  in  a  column  ar.d  that  obtained  from  2,5-di-(chloromexcuri)-3-metb>lthlophene)  uidi' 
catei  the  h:gr.  deg-.ee  of  pu:uy  of  the  fir;.!  orcperation. 

3)  2 -Et  h  y  lth:o  ph  e  n  e  from  n-Hexyl  Alcohol 

104  g  (150  ml)  catalyst;  rube  with  Innci  diameter  of  20  mm.  The  n-hexyl  alcohol  (b.p.  155-158* (757  mm); 
np  1.4210;  d*  0,8189]  was  Int.md'jced  in  a  sueam  of  suliu;  dioxide  at  450*.  The  first  two  experiments  were  run  la 
identical  conditions  and  their  catalyzates  were  worked  up  teg  ether.  The  experimental  conditions  and  the  results 
fractional  distillations  are  set  fonh  In  Ttble  2. 

The  yield  of  2-meiljvUhiophene  was  calculated  on  the  basis  of  the  4ih  fract’cn  (reckoned  on  alcohol  used)  and 
Thai  o^  2-ethylihiophc:ie  on  the  basis  ci  the  6ih  fraction;  the  fch  fraction  was  unchanged  hexyl  alconol.  The  average 
yield  of  thj)ph6ne  present  in  the  first  and  second  fractions  was  2^;  ir  was  determined  from  the  weight  of  the  2nd 
.lawtion  ard  f.xm  the  ch.oromercurl  derivative  of  tniophenc  subsequently  prepared  from  the  first  j^actioc. 

The  first  fractions  from  all  the  four  experiments  were  co.mblned  and  distilled  in  a  column  with  an  cfiiclency 
of  40  theoretical  plates,  ihe  following  being  isolated: 

a)  12.9  g  o'  a  mixture  of  hexenes  with  b.p.  62,5-69.0*  (742  mm). 

Found C  85.60,  85.49;  H  14.55,  15.51.  Calculated*^:  C  85.63;  H  14.37, 

b)  10.4  g  with  b.p.  78.5-ei.0*(742  mm),  meicuration  of  which  gave  9.1  g  2,5-di-(chloromeicur’)-Uiiopl-e.r.e 

and  12.2  g  2"chlOi.omeicurlthiopbene  with  m.p,  183-184*  (no  depression  in  mixed  melting  test  with  pure  2-chlOjo- 
merca^iihicphene).  Decomposition  of  the  chloiomercurl  derivative?  of  ihiophcue  with  20*^  hvdjochloilc  acid  gave 
3.^5^ pure  thiophene  b.p.  83.6-34* (754  nim);  ng  1.5246;  dj  1.0615;  MRjj  24.27.  ,.  Calculated:  MR^ 


TABLE  2  (CONT.) 


Mil  0)  of  fractions  of  catalyzatt 

Yields  rtb) 

4 

.  5 

!6 - 

7 

8 

residue 

2:ttirthylthldphene| 

^-^thyTJinbphe  ne 

v-hAyl  aloohdi 

111-118* 

118-130* 

1 130-140* 

140-i51* 

151-156" 

(4th  fraction) 

(6th  fraction) 

(3th  fraction) 

6.4 

0.6 

I 

!  5.9 

0.3 

26.3 

1.6 

4 

3.3 

15.2 

3.6 

0.7 

i 

0.3 

17.9 

1.5 

4.5 

1.4 

17.5 

2.4 

0.3 

I  0.6 

0.3 

15.9 

1.6 

2.9 

0.6 

15.6 

Fiactlons  2  u>  7  from  aU  the  experiments  were  fractionated  in  a  colunm  with  an  efficiency  of  25  theoretical 
plates  to  give  the  C  fractions  listed  in  the  table  below. 


B.p.  769  mm 

“d 

d? 

Wi.(lnB) 

1 

67*«4* 

1.4S80 

0.9813 

2.1 

2 

84.0-112.5 

1.5019 

1.0012 

1.9 

3 

112.5-113.4 

1.5185 

1.0139 

7.6 

4 

113.4-115.5 

1.5198 

1.0142 

3.2 

5 

116.5-134.1 

1.5068 

0  9805 

1.8 

6 

134.1-134.5 

1.5022 

0.9696 

0.9 

7 

134.5-136.5 

1.5007 

C.9682 

3.5 

8 

136.5 

1.5026 

0.9684 

1.4 

Residue 

- 

- 

1.0 

The  first  fraction  contained  thioi^cne,  the  third  and  fourth  were  2'i'uethylthiophene;  the  sixth,  severah,  and 
eighth  were  2*eihylthiophene. 


Mercuraiion  of  1.4  p  of  the  first  frar:tl*^  gave  0.7  g  2-chloromercuriihiophe.ne  witL  m.p.  i83  -i84*(iK>  depres- 
.ion  curved  in  iruxed  test  with  aurhentic  2<hJoiomen  urith.'optiene)  and  2.4  g  2.5*di-(chloronr*ercur?)-iLio?hene. 

rourd'?!:  Hg  72.48,  72.69.  Calculaiad  <5^;  Hg  72.38. 

Froir  8.4  g  roixtire  of  third  and  founh  fractions  was  obtained  23  g  5-chloroinercu.n-2-fnethylihioptiene  with 
m.p.  204.0-204.5*. 

Found  *vt:  Hg  60,47,  60.39.  CsHjSKgCl.  Calcuiared  Hg  60.20. 

Heating  of  21.5  g  5<hk)romercuri-2-methylihiophene  with  20^  hydrochloric  acid  gave  5  a  2-racthylthio- 
phene  with  b.p.  112.3-112.5  (754  mm):  nQ  1.5210;  d“  1.0202;  MRjj  29.30.  CjHfSf  ,  Calculated;  MRq  29.96. 

Found*?!:  5  32.50,  32.57.  C*H*S.  Calculated*?*;  5  22.67. 

Liietature  data  for  2-methylttuophene  p.0]:  b.p.  112.5* (760  mm);  np  1.S203;  d”  1.0194,  m.p,  of  S-chloso- 
mercuri-2-methyhhiophene  (1)  204-205*. 

3.8  g  of  mixture  of  seventh  and  eighth  fractious  gave  8,0  g  5-chiorDmetcuri-2-eihylthiophene  with  m.p.  147-148 

Found  *?;  Fig  57.76,  57.67.  C^^HgCl.  Calculated  *?:  Hg  67.77. 

Healing  of  6.7  g  5-chloromercuri-2-elhyllhiophene  with  20*?  hydrochloric  acid  gave  0.92  g  2-ethyUhiophene: 
b.p.  135. 5 -136. 5 •■(758  mm):  ng  1.5137;  d”  0.9928:  MRp  34.00.  C^,Sf=>  Calculated;  MRp  34.57. 

Found  5  28.41,  26.50.  C^,S.  Calculated  5  28.58. 

Lueiature  data  for  2-cihylihiophcne  [11]:  b.p.  133.0-134.5*:  ng  1.5122:  (12]-  64*  0.922:  ra.p.  of  5<hloro' 
mercari-2-ethyltluopheDe  [1];  146-147*. 

SUMMARY 

1.  Interaction  of  n-butyl,  isoamyl  or  n-hexyl  alcohols  with  sulfur  dioxide  in  presence  of  chromia-on-alumlna 
leads  to  thiophene  and  its  homologs  respectively. 

2.  In  optimum  conditions  the  yield  of  thiophene  from  n-butyl  alcohol  reached  10*?;  the  yield  of  3-methyl- 
thlophene  from  iscamyl  alcohol  reached  12. 4f?';  the  yields  of  2-ethyUhiophene.  2-roethylthiophene  and  thiophene 


from  n-fcsxyl  alcohol  were,  reipectively,  aS,  <aiid  2^. 

3.  In  the  preparation  of  thiophene  by  the  action  of  sulfur  dioxide  on  a  wet  mixture  of  the  baenes  formed  by 
dehydration  of  n<butyl  alcohol,  the  yield  of  thiophene  was  23lo  (reckoned  on  the  alcohol). 
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UNSATURATED  CTCLIC  HYDROCARBONS  AND  THEIR  HALOGEN  DERIVATIVES 


Xra.  THE  MECHANISM  OF  CONJUGATED  HALOGENAnON  AND  DEHAIOGENATION 


N.  A.  Domnin  nod  V.  A.  Cberknsovn 


In  our  previous  communications  fl,  2]  It  wns  shown  thnt  the  transformation  of  l,2siibiomocyc]ohexane  into 
benzene  by  heating  with  quinoline  actually  ukes  place  thmugh  the  Intermediate  formation  of  l,3<yclohexadiene 
and  of  peibromides  of  quinoline  (products  of  addition  of  bromitie  and  hydrogen  bromide  to  quinoline).  These  ob> 
servaiions  confirmed  the  first  and  second  stages  of  the  scheme  that  o-ne  of  us  (3J  had  proposed  lor  transformation 
of  polyhalo  derivatives  of  cyclonexane  into  aromatic  compounds  when  heated  with  quinoline. 

We  could  have  confirmed  the  thud  stage  of  tiic  scheme  if  we  had  Isolated  1.4-dibro:iK>cyclohexene*2  in  die 
reaction  of  l,2-dibromocyck)hexane  with  quinoline.  We  failed  to  achieve  this,  howevet,  both  in  this  reaction  -nH 
In  the  rtaaion  of  l.Scyclohexadiene  with  hexabmmoc'Jiane  and  quinoline  [il  For  the  purpose  cf  demoat.rar^'tg 
the  tliud  stage  of  the  proposed  scheme,  we  carried  oat  the  reaction  of  l,3<yciohexadisne,  in  the  absence  of  free 
quinoline,  with  a  series  of  quinoline  perbromides:  qumclinc  hydmbroinide  dibrorride,  quinolijve  ictrabioirlde  and 
q’hno’ine  dibiomide;  tliese  compounds,  in  our  opinion,  could  be  formed  in  the  conditioas  of  conjugated  halogcna- 
tion  xihI  debaiogenation. 

It  vas  established  that  heating  of  l,3<ycIonexadicne  with  quinoline  bv-dmoromidt  dibroruJde  gives  exclusively 
letirtbrcmncyclehcAaTie,  while  in  the  cold  a  mixtu.'e  of  dibromocvclohexene  and  tcu.abtomocyclohexa:»e  is  obtained. 
In  rhe  cold  wah  quinoltiic  tetrabromide,  a  c.-vstallinc  product  is  obtained  which  consists  of  a  miirure  of  appmxl- 
mately  equal  pans  of  dibromocyclohcxene  and  tetrabromocyciohexarje.  In  the  cold  with  quinoline  dibiomide,  the 
product  ii  dibromocyclohexenc  free  from  tetrabtomocyclobexane. 

The  teirabtomocyclohexane  Is  evidenily  1,2.3, 4-tetrabromocyclohexane,  The.  dibromidc  is  very  piobably 
l,4-dibromocyclohexene-2  since  systems  containing  conji^ated  double  bonds  possess  a  g?eat  tendency  to  undergo 
addiiior.  reactions  in  the  1.4-posirion.  Moreover,  the  investigation  of  Farmer  and  .^cott  [5]  have  shown  that  l,2di*^ 
b.roir,oc)cIohexene-3  may  be  obtained  by  addition  of  bromine  to  l,3-cyclohexadier*e  at —15*  and  only  with  main¬ 
tenance  of  a  number  of  other  conditions.'  The  auihos  showed  that  it  isomerizes  very  easily  Ltio  1,4-dibroroocyclo- 
hexer)e-2  when  heated  and  that  this  process  even  takes  place  spontaneously  on  keeping. 

All  our  attempts  to  confirm  the  stiuiturc  of  the  dibromocyclohexene  prepared  with  quinoline  dibromide  have 
so  far  been  unsuccessful.  Ozonization  of  the  bromide  gave  a  very  unstable  ozonide.  After  complete  .temoval  of  the 
solvcm  (chloroform)  it  spontaneously  ignited.  When  the  solvent  is  noi  completely  eliminated,  the  ozonide  is  de¬ 
composed  by  water  with  great  difficulty,  and  titration  w,.th  alkali  leads  to  formation  of  very  glutinous,  ropy  films 
which  appeared  to  consist  of  a  polymeric  product  although c  defied  further  examination.  Oxidation  with  potas¬ 
sium  permanganate  solution  at  room  temperature  also  failed  to  throw  lighi.  on  the  structure  of  this  dibtomide.  Oxi¬ 
dation  was  performed  in  presence  of  the  calculated  amount  of  potassium  bisulfate  in  order  to  avoid  the  extremely 
undesL-able  alkaline  reaction  of  the  medium,  since  two  bromine  atoms  (in  1.4-dib;omocyclohexene-2)  or  one  (in 
li2'dib?omocyclohexene-3)  in  the  dibromocyclohexene  formed  ate  allyllc.  Oxidation  was  accompanied  by  evolu¬ 
tion  o^  bromine  which  was  clearly  detected  by  the  odor.  Oxidation  pave  (apart  from  unchanged  dibromocyclo- 
hexere)  only  succin'c  acid,  which  could  have  been  formed  either  by  oxidation  of  l,4-dibromocyclohexene-2  or  of 

1 , 2 -d  1  bro  mocyc  lohe  xene -3L 

Artemlon  must  be  drawn  to  the  fact  that  the  attempts  o*  a  number  of  investigators  to  establish  the  structure 
of  tlie  dibromocyclohexene  with  m.p.  108*.  and  believed  to  be  l,4-dibroraocyclohcxeiie-2,  have  likewise  not  met 
with  success  (4,  5,  6.  18],  The  work  of  Ziegler  (161  however,  makes  a  probable  that  la  this  dibromide  the  bro¬ 
mine  atoms  are  In  the  1.4-position  and  not  In  the  l,2-po$iiicn. 


In  our  l«te*  lRV«tlB»tiDn  we  siwJled  the  action  of  quinoline  on  the  crysulUne  dlbromldci  obulned  by  te- 
action  of  L3<yclohexadiene  with  each  o!  the  quinoline  pcrbromldei  in  cider  to  establlrh  whether  they  ate  capable 
of  transformation  Into  aromatic  compounds  under  the  actum  o!  quinoline,  l.e.,  in  order  to  establish  whether  the 
bromides  formed  are  indeed  IntermedUte  producu  during  conjugated  halogenauon  and  dehalogenation.  M  should 
follow  from  the  fourth  stage  of  the  scheme.  With  this  objective,  each  of  the  above-noted  cryttalline  products  was 

heated  with  quinoUne.  The  foUowing  facu  emerged  from  a  study  of  the  ulua violet  absorption  spectra:  a)  Oulno- 

line  reacts  with  the  tetiabiomocyclohexane  obtained  by  heatliig  JU3-cycU)hexadiene  with  qulnolljie  hydtobromlde 
dibromide  to  give  a  product  conuinlng  about  90^  bromobenzene.  the  action  of  quinoline  on  the  cry  stalline  p»- 
duct  consisting  mainly  of  dibronnocyclohexene  (obtained  by  reaction  in  the  cold)  gives  nearly  pite  benrene;  b) 
the  product  of  Interaction  of  1,3-cyclohexadiene  with  quinoline  teuabromlde  react*  w^h  quinoline  In  the  cold  to 
form  a  mlxiuie  of  benzene  and  bromobenzene;  c)  treatment  w-ib  quinoline  of  the  crystal*  IsoUied  on  Inreiaalcn 
of  l,3<7CjDhexadiene  with  quiiroline  dlbromide  leads  to  a  product  containing  about  90^  benzene. 

The  formation  of  dibromocyclobexene  by  interaction  of  1.3<yclohexadiene  wirh  quinoline  perbxomides  and 
the  formation  therefrom,  by  the  action  of  qu-noline,  of  benzene  is  evuience  that  dibromocyclohcxenc  may  indeed 
be  an  intennedlate  product  In  conjugated  haiogenaiion  and  debalogenation.  This  Is  in  accord  wliii  the  iLiai  and 
fourth  stages  of  the  scheme  wttich  was  advanced  by  one  of  t&  but  which  could  not  pro’iously  be  confinned. 

EXPERIMENTAL 


Reaction  of  1,  3-Cyclohexadlene  with  Quinoline  Petbromldes 

Experiments  were  performed  w*rh  cooling  widr  Iced  ware*  in  a  ffr.ed  with  dropping  fumiel  and  reflux 
condenser,  ii  should  be  noted  that  In  the  pfcpars’ion  of  tiie  dlbromocyck)he7er.c  in  which  we  arc  Interested,  ir 
is  mo'c  advairageoiB  not  to  add  the  l.S-cvcIohexadieue  dropwise  to  the  quinoline  perbromtde  (although  this  is 
more  convenient)  bix  to  adept  the  opposite  procedize,  even  though  expenraencally  less  convcnieia:  To  the  1,3- 
cyclohexadiene  (the  amount  varied  from  3.5  t^  8  g  in  di^ereat  cxpetimenrs)  is  added  the  quinoline  perbromlde  in 
small  portions  through  the  reflux  condenser.  The  smalle.  the«e  portions  the  less  is  Lhe  product  rCiinifled  and  the 
nnalle-  cont-nt  o'  leirabrcmo-'yckihexane  Wnh  *he  .everse  order  o'  addition  o*  the  :eactan*s,  a  mir.uie  is 
'o-med  dibromocyc ’.obexe»'-s  ard  a  iihly  coa*..de'able  amoun?  o'  tetrabromoryclohexane.  in  all  probability. 

»hS  is  berauve  when  1.3<y'‘lohexad'.ei^  ’s  added  dropwLse  to  qa^tOline  perbromide,  each  dxop  of  hvdrc: arbor?  comes 
ji.o  cOiT-acT  w-th  a  la.-ge  quanury  o'  quinoline  peibrcmide  which  has  a  great  ?endericy  to  release  bromine  atoms 
(exothermal  reaction).  This  grve*  ri*eio  local  o-ei-heating  which  can  farlLtate  bo».h  addition  of  four  atoms  of  bro¬ 
mine  to  the  l.S-cyclohexadlenc  and  excesrive  lesinificatlon. 

l.S-Cyclohexadiene  was  prepaied  by  a  slight  modilicaiiOL  of  the  method  of  Hofmann  and  Damm  '7]:  In¬ 
stead  o'  soo^um  ethylate  we  u*ed  a  >ata:a’ed  xoiution  of  alconolic  alxaL. 

The  qu'jiolice  -equ'-red  for  preparation  o*  quinoline  perbromides  was  obtained  by  Skraup's  ryatnesls. 

1.  Reaction  o*  1,  S -eye  lobe  rad  lene  wi’tt  quinolitte  hydrobromide  dibromlde.  Reaction  with  heatirig.  Quino¬ 
line  hyd'obromide  dlbromide  was  p.'epared  by  a  slight  rriodlfication  of  the  methods  of  Rosenmund  (8)  and  Trow¬ 
bridge  [9],.  5  g  quinoline  was  cooled  in  a  round -boaomed  flask:  careful  addition  was  made  of  3.2  ml  concen¬ 
trated  hydrochloric  acsd,  the  contents  ol  »he  flask  then  crystallizing  in  the  form  of  a  snowy-white  mass;  gradual 
addition  was  then  made  of  42  ml  Iced  water  thic  solution  o'  quinoline  hydrochloride  was  thoroughly  cooled  and 
2,9  ml  brom.ne  was  introduced.  The  pomegranate-ied  crystals  o'  perbromide  were  filtered  off.  pressed  and  used 
lo:  reaciiom  wuhout  iec'ysullizaiiOTi. 

6.2  g  1.3-cyrlohexadlene  was  added  In  small  poicions  to  an  equimolar  amount  of  quinoILne  perbromide.  The 
inirture  -as  heated  for  1-2  hoi«  on  an  oil  bath  at  120-145*.  the  cements  of  the  flask  formed  two  opaque  layers, 
ihe  uppci  layc'  gave  a  very  weak  emulsion  with  water  and  an  ext-emely  minute  amount  o'  oil  separated  when 
t-eated  with  alkah  solution,  ihe  lower  layer  was  a  brown-volored  oily  liquid  much  contaminated  wUli  tesLn;  it 
was  much  heavie:  than  water  and  not  appreciably  soluble  in  watei.  When  washed  with  water  (the  wash  liquor  had 
an  acxiir  'caciicn)  it  pa  .jy  r.-yxtailiced  in  the  'o:m  of  ve-y  hard  crystals  which  a'ter  two  recrysialUzations  from 
alcohol  melted  at  "0-71. f,*.  7.5  g  (prcpa-ation  I).  Found:  M  385.3,  378.6,  Br  80  23,  80  53 

Calculated:  M  399.86;  <5^  79.99. 

For  i.2.3  4-tetrabromocyck)hexane  the  literature  data  are;  m.p.  87-89*riOL  87-68*  [7  12L  140-141' [10, 

11],  90-92*  [13],  155-156*  [10],  184*  (13,  141 

e  see  th«t  he  melt  jig  pojii  o'  our  crystals  is  lowc*  than  the  lowest  melting  point  tepoied  In  the  literature 


foi  the  teuabiomide*  piepaxed  from  l,3<ycU>hex*dlcne.  We  evidently  obtained  one  of  the  ux  posdble  stexeo- 
Itfmenof 

6  g  1.3-cycIohexadlene  was  added  to  an  equimolar  quantity  of  quinoline  perbiomlde.  The  mlrttoe  waa 
heated  on  an  oil  bath  fot  50  minutea  at  lOO-llO*  The  lower  layer  was  collected.  Weight  11.1  g,  biownlah* 
black  in  color,  did  not  form  an  emulsion  with  water;  the  wash  Uquoi  did  not  have  an  acid  reaction.  The  mie- 
acted  hydrocarbon  was  drained  off  in  vacuum,  after  which  4  g  crysuls  separated  from  the  oil.  Afia  three  reciys- 
ulliaations  from  alcohol  they  formed  pinlUih-yellow  leafleu  with  m.p.  84.3^9*. 

Found  5>:  M  392.8,  404.8;^  Br  80.26,  80.38.  Calculated:  M  399.88;  %  Br  79.99. 

Reaction  in  the  cold.  To  6.9  g  1. 3-cyclohexadiene,  cooled  with  Iced  water,  was  added  throi^h  the  lefliuc 
condenser  31  g  quinoline  perbromide  in  small  ponicas.  WUh  progressive  addition  of  the  perbzomlde  two  layett 
formed  in  the  flask;  the  nearly  colorless  upper  layer  had  a  quinoline  odor,  formed  a  weak  emulsion  vriih  watex, 
aid  did  not  give  an  acidic  reaction;  the  lower  layer  (brown-red)  did  not  give  an  emulsion  with  water  and  im- 
medUiely  settled  to  the  bottom.  Weight  20.3  g  instead  of  20.7  g  calcuUted  for  the  dibiomocyclohexene  formed. 
After  standing  for  a  short  period  the  oU  crystallized.  The  crystals  were  washed  with  alcohol.  Recrystallization 
was  not  carried  out  to  avoid  loss  of  any  components  of  the  reaction  mixtiae.  Colorless,  lachrymatory  crysuls 
(13.2  g)  with  m.p.  58-84* (prepautlon  U). 

Found:  M  255.0.  265.5;  Br  69.45,  69.13.  CfHaBTf.  Calculated:  M  239.95;  ^  Br  66.60. 

The  high  bromine  contetu  found  may  be  explained  by  the  formaticn  of  higher  biomo  derivatives  at  the  same 

time. 

2.  Interaction  of  1.3-cyck)hexadier>e  with  quinoline  letrabromide  in  the  cold.  Ouinolirte  leuabromide  was 
obialned  in  the  form  of  a  friable  crystalline  mass  by  Grimaux's  mctiiod  [15J:  addition  of  12  ml  bromine,  wita 
coclin",  to  an  emulsion  15.2  g  quinoline  in  45  ml  water:  the  prod-ict  was  utilized  without  recrystallization. 

To  2.3  g  l,3-cyck)hexadiene  was  added  13  g  quinoline  perbromide.  Two  layers  formed  in  the  flask.  The 
upper  one  was  nearly  colorless,  did  not  give  an  emulsion  with  water  and  had  a  neutral  reaciion:  alkali  solution 
brought  down  quinoline.  The  lower  layer  (6.9  g  instead  of  the  required  6.9  g  of  dibromocyclohexcnei  crystallized. 
Afiet  recjyttailization  from  aicohoi,  the  weakly  lachrymato;7,  pinkish -vellow  crystals  melted  at  60-88*  (prepa¬ 
ration  Ill). 

found;  M  315.3,  322.2; Br  73.55,  73.90.  Calculated:  M  239.S5;  &  66.60.  Calcu¬ 

Uted:  M  399.88;  ^  8r  79.99. 

3.  Interaction  of  I,3<ycIohexadiene  with  quinoline  dlbromide  in  the  cold.  To  a  well-cooled  emulsion 
12.5  g  quinoline  in  40  ml  water  v>as  added,  frum  a  dropping  funnel  with  very  energetic  stirrmg,  5.1  ml  bromine. 

The  o;aiige-ied  crystalline  mass  was  filtered  off.  and  pressed  between  sheets  of  filler  paper  (34  g  instead  of  28.5  g). 
The  perbromide  had  m.p.  60-6  7*  Compare  (19,  20,  211 

0,1696  g  substance:  0.1992  g  AgBr.  0.2049  g  substance:  0.2412  g  AgBr.  Found  Br  49.98,  50.10. 

C^;K  Br^  Calculated^:  Br  55.34. 

The  low  percentage  of  bromine  and  the  higher  weight  of  peroromide  than  is  required  by  the  formula 
C*H-N  may  be  due  to  the  tame  cause,  namely  addition  of  water  to  the  quinoline  dibromide  molecule.  Re¬ 
peated  obse.-vations  led  us  to  this  conclusion.  Thus,  instead  of  7  g  quinoline  dibromidc  we  obtained  8.6  g:  in¬ 
stead  of  14  g  we  obtained  17,3  g,  and  so  forth.  Calculated:  content  of  ft  for  C^jN-ft^  *  52^;  for 

ft,  •  2Hp  49.2^. 

rti’.er  ifje  reaction  of  quinoline  dlbromide  with  the  unsaturated  hydrocarbez,  the  watei  of  hydration  sepa¬ 
rates  and  collects  in  the  form  of  a  layer  above  the  bromide  formed  from  the  hydrocarben  in  the  quinoline.  The 
weiglit  approximately  corresponds  to  the  observed  excess  over  tlie  tlicorciically  calculaied  value  for  the  prepara¬ 
tion  of  quinoline  dlbromide. 

To  7  g  1.3-cyclohexadlene  was  added  with  coc-ling.  25  g  quinoline  diL.'omide.  The  upper  (colorless)  lay- 
er  weighed  12.2  g,  did  not  give  an  emulsion  with  water  and  separated  an  insignificant  atiiouD*  of  quinoline  when 
treated  with  alkali.  The  lower  layer  (btow.i)  weighed  20  g  and  crystallized.  Tlie  crystals  (repeatedly  washed  with 
alcohol)  weighed  9.4  g:  pinx  color,  lachrymatory;  m.p.  85-95*  (preparation  IV). 

0.4530  g  substance:  16.64  g  benzene:  At  0.674*.  0.3621  g  substance;  16.64  g  benzene:  At  0.462*. 

0. 1920  g  substance:  0.2993  g  AgBr.  0.2003  g  substance;  0.3130gAgBr.  Found:  M  243.3.  241,6: 

Br  66.34,  66.50.  Calculated  M  239.95:  <?>  Br  66.60. 


The  wide  melting  range  of  the  crysuli  may  be  due  to  the  formation  in  the  given  condUlons  of  both  of  the 
pouible  1.4-dibromocyclohcxenei-2.  We  regard  the  foimaiion  of  l,2*dIbiomocyclobexene-3  in  our  reaction  con¬ 
dition!  to  be  ve*y  improbable  in  the  Ught  of  the  lesulu  of  Farmer  and  Scott. 

Action  of  Quinoline  on  the  Bromides  Obtained 
from  1.3-Cyclohexadiene  and  Quinoline  Perbremldea 

4.  Action  of  quinoline  on  the  tetiabromide  (Q.  12  g  letrabrnmocyclonexane  was  very  slowly  and  catefuUy 
heated  in  a  Wunz  flask  with  17  g  quinoline  until  the  first  ligm  of  rart  of  rcactlcn  wc’e  observed;  the  heating 
was  temporarily  stopped  at  that  point  until  the  vigorous  reaction  had  ceased.  The  distilled  oil  (3.4  g)  was  washed 
with  diliae  sulfiaic  acid  and  then  wuh  water  and  dried  with  calcium  chloride  before  distillation.  The  fraction 
“itb  b.p  153-155*  had  d“  1.6041  and  1.8607. 

The  u’liaviolet  absorption  spectrum  showed  that  the  product  conuined  90-95>>  b»m(d>enzene. 

5.  Anton  of  {riinoline  on  bromide  (II).  17.7  g  crysuls  and  28  g  crinoline  were  carefully  heated  untiJ  the 
first  sigm  of  reaction  which  afterwards  proceeds  very  vlgoiously  with  evolution  of  much  heat.  The  distillate  (6.1  g) 
was  washed  wiih  diliae  sulfuric  acid  and  water,  dried  wirh  calcium  chloride  acd  metafile  sodium  and  distilled. 

The  fraction  with  b.p.  79-82*  (2.5  g)  was  a  transparent  liquid  which  crysullized  below  -8*;  its  consunu  were 
in  fairly  good  agreement  with  those  of  benzene  and  the  ultraviolet  absorption  specuum  indicated  that  it  was  about 
90^  benzene. 

Bmminc  number  by  the  McHinnhey  method  [17]  1,0;  d*^^*  0,8848;  1.5023. 

6.  Aciionof  quiroline  cn  (E).  To  8.1  g  of  the  crystals  obtained  according  to  section  2  above  was  added  10 
g  quinoline.  The  mixture  was  cautiously  heated  urull  the  reaction  started.  The  disrOled  product  was  washed  wl± 
diluie  sulfuric  acui  and  water  and  dried  wl±  calcium  chloride.  Ir  boiled  over  the  wide  temperatu.^  range  of  76-150* 
(1.S5  g).  The  spectroscopic  examination  revealed  a  different  absorption  than  tor  the  1,3-cyclohexadicnc  taker,  for 
reaction  with  qinnoline  tetrabromide;  the  absorption  band  has  the  fine  r.na.tiae  rbaracteristic  of  benzene  bu:  is 
blurred  by  its  overJapp’ng  wirh  the  absorptior  of  hroroobenzene. 

7.  Action  of  qirnoline  on  (!V^.  E  g  of  tlie  bromide  prepared  in  section  3  above  and  12  g  quinoline  were  cau¬ 
tiously  heated  ir  a  Wuitz  flask  until  the  '^aictlon  started;  it  then  proceeded  InteRiively  w'^thooi  heaiirig.  The  dudl- 
la:e,  coming  over  at  78-120*  was  washed  with  diliie  sulfuric  acid  and  waier  and  dried  wirh  calciurn  chloride.  Af¬ 
ter  two  disullarioiu  over  metallic  sodium  (lo  bind  the  bromides)  a  transparent  liquid  was  obtained  which  crystal¬ 
lized  at  —5  to  —  7* and  did  not  contain  halogen.  Weight  1.8  g  or  69.1^b. 

B.p.  78-82*1  bromine  numt>cr  4.0;  d^  0.8800;  1.5017.  The  spectroscopic  exarnlnation  indicated  a  co.  - 

ttait  of  90-95^  benzene. 

SUMMARY 

1.  Irceraction  of  l,3<yclohexadicne  with  quinoline  dibromide  gives  dibromocycLohexcrie.  !i  is  shown  that 
qumohne  acts  on  the  bromide  formed  to  give  benzene. 

2.  Heating  ol  quinoline  hydrobromide  dihromlde  with  1,3-cyclohcxadiene  gives  tetrabroinocyclohexane. 
Among  the  products  of  Imeracxion  of  the  leiiabromide  wirh  quinolme  is  bmraobenzeoc. 

3.  The  main  product  of  reaction  of  1, 3<yclohexadIcne  witli  quinoline  -hydrobromide  dlbtomide  in  the  cold 
is  d  ibro  mocy ciohe  xene . 

4.  Reaction  of  1.3-ryclohexadicne  with  quinoline  tetrabromlde  in  the  cold  leads  to  a  mixture  of  app.-oxl- 
mately  equal  pans  of  dibioraocyclohcxene  and  teirabromocyclohexane. 

5.  Tlie  experimental  data  are  in  full  accord  with  the  scheme  previously  put  forward  by  one  of  ui  [3]  and 
may  serve  a^  confirmation  of  the  laa  two  suges  of  the  scheme. 
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THE  ACTION  OF  AMMONIA  ON  I'HYOROXYA  NTHRAQUINONE 


N.  S.  Dokunlkhln  and  I.  A.  Novitskaya 

Derivatives  of  anthraquinone  conuining  amino  gaoups  in  the  a  -posirion,  especially  I'tmino-  and 
aminoaothiaqulnones.  are  most  Imponam  starting  materiab  for  the  tyahesis  of  other  dyes  (var  and  acid  dyes  for 
accute  and  synthetic  fiber  and  pigment  dyes).  The  only  lechrJcal  method  for  the  preparation  of  these  deriva¬ 
tives  is  the  ammonolysis  of  the  corresponding  anthraquinone  sulibnlc  acids.  However,  not  even  the  most  success¬ 
ful  indusuial  methods  of  preparation  secures  complete  traruibritutlon  of  the  sulfonic  acid  into  amino  compound 
[1].  A  yield  of  100^  1-amirioanthraquinone  represents  e27»  of  the  theoretical;  a  yield  of  1,5-dianunoandira- 
quinone  represents  S2^  of  the  theoretical. 

Due  to  the  high  concentration  of  hydroxyl  ions  in  aqueous  amnisonia,  formation  of  hydroxy  derivatives  of 
anthraquinone  is  always  observed, as  well  as  substitution  of  the  sulfo  group  by  the  amino  gioiq>. 

Attention  to  the  absence  of  a  fully  sat'sfactory  method  cf  preparation  of  l-aminoanthiaquinone  was  drawn 
by  FierZ'David  [2]  in  his  well-known  book. 

A  patent  was  recently  annciuiced  for  the  preparation  of  a -amino  derivatives  of  andtraquinone  by  beating 
the  corresponding  sulfonates  wlih  ammonium  salts  of  arseruc  acid  at  pH  values  Ln  the  vicinity  of  7,  which  en¬ 
ables  the  preparation  of  amino  derivatives  cf  high  Quality;  the  yield  of  l-aminoanth»quinone  reaches  78.7lt  (at 
pH  7.3)  and  that  of  '',5-diamiiw>anthraquinone  8S^  (at  pH  7)  [3].  Tcis  method  is  inconvenient,  however,  on  the 
industrial  scale, because  of  the  employment  of  a  large  amount  of  a-fsenic  compounds. 

Iri  a  study  of  the  arT>moi>olysis  cf  2<hloroaatk:aquinune  by  aqueous  ammonia  [4],  one  of  us  found  that 
the  ptincipal  by-product  of  the  reacticn.  which  is  soluble  in  aqueoie  ammonia,  is  1 -amino -2 -hydro xyanthiaquin- 
cne.  U  itansplied  that  on  interaciion  of  2-hydroxyanthraquirK)ne  with  ammonia  in  milder  conditions  than  those 
necessary  for  transformation  of  2-chlcroanthraquinone  into  2-«iriinoanuuaqiunone,  substitution  of  hydrogen  takes 
place  i.n  the  1-position  of  the  anthraquirione  nucleus.  Simultaneously,  the  caroonyl  groups  are  reduced  as  in  the 
well-known  addition  of  ammOhia  and  amines  to  benzoquinone. 


It  was  of  interest  to  investigate  the  possibility  of  a  similar  reaction  in  tire  case  of  a -substitiaed  anthiaquitsone. 


Healing  of  l-hydroxyanihiaquinone  with  ammonia  gave  a  product  soluble  In  alkalies  and  coataining  nitro¬ 
gen.  Chromatographic  separation  of  the  chloroberuerve  solution  of  this  product  on  alumina  as  the  sole  component 
yielded  a  substance  with  in.p.  257-268* and  with  an  elementary  analysis  corresponding  to  an  aminohydroxyanthra- 
quinone. 

kegarding  here,  as  In  the  case  of  2 -hydroxy anthraquinone,  the  process  of  substiturion  of  hydrogen  by  The 
aniino  group  as  the  addition  of  ammonia  to  the  tautomeric  form  of  tl*e  hydroxyanthiaquinone  ion,  we  can  expect 
the  amino  gtoup  to  enter  the  aiuhtaQuinone  nucleus  in  the  2-,  3-,  or  4-posi!,ion.  We  know  that  In  the  action  of  anil* 
me  on  o-ber.iocuinonc,  the  phenylamlno  group  enters  in  the  para-position  to  the  carbonyl  groups  (5J.  In  the  action 
0^  metal  arylldes  on  a  -amino  derivatives  of  anthraquinone,  substitution  of  hyd.'»'gen  occurs  in  the  4-po»uion  (6). 
Alkaline  fusion  of  1-hydroxyaiuhraquinone,  which  must  be  regarded  as  an  analogous  process,  leads  to  foniia.*on  of 
alizarin  (71 

The  substance  obtained  by  the  action  of  aqueous  ammonia  on  l-hydaoxyanthxaquinone  had  properties  similar 
to  those  of  l-hydioxy-2-amlnointliraquinone.  The  latter  was  synthesized  by  Peigcr,  Scholl  and  others  by  reacting 


•  snu 


aqueoul  wnmooU  with  allxiain  p];  Benda  ptcpaied  it  from  .Vnluo-4-hydr:*v  l^nduaquiiionyUoioiac  acid  (in.p. 
aboti  250*)  [9];  Kopetschnl  ptepaied  it  from  2*acetanilno-l*acetoxyanthraqulnonc  (m.p.  26Hi58  j  ka* 

anl  Ziegler  prepared  it  by  decomposition  of  2-«iihraquinonyl-alixarin  lo  concentrated  sulfwlc  acid  (m.p.  92B- 

22T)  [111 

With  the  aim  of  identifying  the  prepared  compound,  the  lynthcslt  was  effected  of  l^iydsDxy'^^mlnoajithza* 
qulnone  by  amlnation  of  alizarin  followed  by  purificatloo  of  the  product  by  cluomatography  on  alumina.  The  putl- 
fied  subsume  melted  at  257-258*  and  pmvod  to  be  identical  with  the  compound  prepared  from  l-hydaor^anthra* 
quinoae. 

Consequently,  the  main  direction  of  the  reaction  of  l-fcydmxyanthiaqulnone  with  aquecir  ammonia  may  be 
repteseneed  by  a  scheme  of  the  above  type;. 

l-Hyd»xy-2-amiooanduaquinone  was  detected  among  the  ptoducu  of  ammonolysis  of  l-anthcaqulnonesalf- 
onic  acid.  The  •sroducts  loliiile  in  aqueous  ammonia  were  isolated  by  acidification  and  were  chmiiutographed  on 
alumliu  in  chlorobenzene  solution.  Chtoiiutogaphic  examination  of  technical  l-aminoanduaqulnooe  likewise 
revealed  the  presence  of  l-hydroxy-2-aininoanthiaquinone. 

EXPEklMENTAt 

l-Hydroxyavhraquinone  war  prepared  by  dlazotlzation  of  i-aminoamhraqulnoae  and  decomposition  of  dre 
diazo  compound  by  Ullmann's  method  [12];  m.p.  191-192*. 

l-*fydtoxy2-amlnoanA:aqulnone  from  l-bydmxyamhiaqulBORe.  20  g  l-hydzoxyanrhra qulnone  Is  heated  for 
6  bouit  at  121-140  ”  with  273  g  25^  aqueous  ammonia.  To  the  reaction  mass  is  added  50  ml  2^  sodium  hydroxide 
solution,  thoroughly  stirred  and  filtered.  An  insoluble  black  precli^te  Is  collected  on  tlte  filter.  The  violet  soln> 
tier  is  aridified  with  h)'d;ochlcric  acid  and  a  reddtsb-btown  flocculent  precipitate  is  formed.  Weight  of  dry  pre¬ 
cipitate  1.35  g.  m.p.  218-223*.  Treatmexc  of  the  Insol'jble  precipitate  with  1500  ml  2^  sodium  hydroxide  at  83* 
followed  by  acldificatior  of  tlie  soluloo  gives  additional  0,35  g  leddlsh-btown  product  with  m.p.  207-224*.  The 
precipitates  aie  combined,  A  solizion  of  1.2  g  of  the  mlxsac  In  1900  ml  chlombenzene  is  subjected  to  chrema- 
toitrsphic  Kparstlon  on  slumiiu.  Several  colored  birds  are  formed.  The  main  broad  band  (blue-viol?')  is  sepa¬ 
rated  and  the  acjorbed  subrtance  Is  elxcd  with  4^  sodium  hydxxide  xiution,  Acldiflcxtion  of  the  reddish -violet 
aO-aLne  stM  jtlon  givas  0.5  g  btov»n-fed  rr.sxtiai  with  m,p.  257-C53“(fxm  glacial  acet:c  acidj.  The  compoaod 
diisolves  In  alcohol  with  t  yeJlowlsh-red  color,  in  ether  wixh  an  orange  color,  in  NaOH  solution  with  red-violet 
color  and  in  concectrated  sulfiLlc  acid  with  a  brown  color  (according  to  I^ass  arx*  Ziegler  the  solution  in  coocen- 
•  tated  sulfu-ic  acid  Is  olive  gicca).  t  readily  forms  a  hydrosuiflie -alkali  vat  with  an  orange  color.  With  baryta 
water  It  gives  an  insoluble  bl'iie-violet  precipitate. 

Found  C  69.51,  13.71;  H  3.92,  3.94;  Nt.l8,  6.25.  Calculated  It:  C  70.27;  H  3.79;  N  5.86 

l-HydiDxy-2-amlnoanthraquinone  fxm  allzarm.  8  g  alizarin  is  heated  with  135  g  3£flt  aqueous  ammonia  for 
5  hoa~s  at  150  .  The  reaction  mass  Is  filtered,  and  acidified  with  hydrochloric  acid  to  give  a  reddish-ditown  precl* 
Piute  with  a  d'y  weight  of  1,55  g  and  m.p.  218-234*. 

Chromatographic  separation  of  the  chlorobenzene  solixior  yielded  0.47  g  of  brownish -vod  siiistance  with  m.p. 
267-258  (rtom  glacial  acetic  acid).  No  depression  o^cuned  in  a  mixed  melting  test  with  the  substance  prepared 
from  l-hydtoxyanthraquinooe. 

Found  C  69.94,  69.73;  H  4.02,  3.93;  N  5.91,  8.05,  Ci^fiPjN.  Calculated ‘Jt;  C  70.27;  H  3.79,  N  5.86. 

SUMMARY 

1.  The  action  of  aqueous  ammonia  on  l-hydroxyamhtaquinonc  gives  l-hydxoxy-?-iLmlnoanlhiaquinoflo. 

2.  l-Hydro<y-2-amInoanthriquinone  is  formed  as  a  by-product  In  the  ammonolysis  of  l-amhraquinone- 
sulfonic  acid. 
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ACYLATION  WITH  THE  AID  OF  VINYL  ACETATE 


A.  N.  Kott  and  A.  M.  YarkeTicb 


We  have  pieviou&ly  described  the  interaction  of  vinyl  aceute  with  amines  [1]  which  showed  vinyl  acetate  to 
be  a  convenient  acetylating  agent  with  selective  action. 

M.  F.  Shostakovsky  showed  [2]  that  in  presence  of  meicodc  salts  alcohols  add  on  to  vinyl  acetate  at  the 
double  carbon-carbon  bond  with  formation  of  acetates  of  polyacctals  (so-called  acylals),  s^reas  in  the  ease  of 
teztiary  alcohols,  acetates  are  obtained. 


Consequently,  depending  upon  the  structure  of  the  original  alcohol,  the  reaction  nuy  proceed  in  two  direc¬ 


tions 


CH,=CH-0-C-CH*  ♦  R-OH^  DOCCH* 


I 


\ 


ROOCCH,  -f  CH^HO 


It  is  reported  In  the  patent  literature  that  secondary  alcohols  [3]  and  phenols,  in  presence  of  alkaline  agems, 
ate  acetylated  by  vinyl  acetate. 


We  carried  ois  se%'eral  experiments  on  the  imetactlon  of  vinyl  acetate  with  alcoholates  and  found  that  by 
thii  mean*  It  was  possible  to  acctylate  r^t  only  secondary'  but  also  primary  alcohols.  The  reactic.n  prL>ceeds  very 
erci-gctically  and  u  accompanied  by  polymerization,  as  well  as  by  secondary  fomiation  of  sodium  acetate  (even 
when  the  reaction  is  performed  with  cooliitg  or  in  solvents),  so  in.*!  excess  of  vinyl  acetate  is  needed  for  satisfac¬ 
tory  yields. 

Regarding  the  character  of  the  polymer  formed,  it  is  evidently  an  alcoholate  of  polyvinyl  alcohol  sltrce  it 
dissolves  easily  in  water  and  alcohol. 

It  proved  to  be  most  advantageous  to  ise  as  the  solveia  an  excess  of  the  alcohol  to  be  acetylated, which  it¬ 
self  does  not  react  with  vinyl  acetate.  All  the  experiments  were  '■u  in  comparable  condltiora,  i.e.,  to  the  pwe- 
pa'ed  alcoholate  (0.05  g-atom  sodium  was  dissolved  In  0.1  mole  alcohol)  was  carefully  added  0.1  mole  vinyl  ace¬ 
tate  at  0*. 


It  was  found  that  furfuryl  alcohol,  which  possesses  an  allenic  structure,  gives  a  nearly  quantitative  yield  of 
acetate  (reckoned  on  the  alcoholate  brought  into  reacuon),  bat  in  the  same  conditions  allyl  alcohol  gives  only  a 
considerable  amount  oi  resin,  possibly  due  to  copolymerization  both  of  the  alcohol  itself  arxl  of  its  acetate  with 
the  Yiryl  compounds.  Still  more  interesting  is  the  fact  that  cyclohexanol  gave  a  good  yield  of  acetate  -40.5^ 
of  the  theoretical  (Sl'yt  reckoned  on  the  alcoholate)  -whereas  3+exanol,  which  contains  the  same  number  of 
carbon  atoms  arxi  is  also  a  $econdar>'  alcohol,  is  totally  recovered  from  the  reaction  unchanged.  In  the  case  of 
£ -phenylethyl  alcohol,  the  acetate  is  obtained  in  a  yield  of  18^  of  the  theoretical  (365!  reckoned  on  the  alcobo- 
late). 

By  analogy  with  isopropenyl  acetate  [5]  we  attempted  to  perform  the  acetylation  of  altohols  with  tee  help 
of  acidic  agetss.  By  heating  in  presence  of  sulfunc  acid,  vinyl  acetate  was  also  found  to  acctylate  alcohols.  In 
these  conditions  phenol  gives  a  product  of  the  polycondensation  type  (phenol-aldehyde  resins).  Acetylation  of  iso- 
propyl  alcohol  (yield  395))  and  of  dimethylethylcaibinol  Cvield  435:)  is  accompanied  by  formation  of  a  considerable 
amoiET  of  olefin  (due  to  dehydration). 

In  all  the  experiments,  the  catalyst  was  teed  in  the  proportion  of  3-55!  by  weight  of  the  alcohol;  the  alcohol 
and  vinyl  acetate  were  in  equivalein  amounts.  The  mixture  of  components  was  heated  6-8  hours  to  100-110  . 

In  these  conduions  allyl  alcohol  is  appreciably  resinified  and  enters  incompletely  into  the  araction;  the  yield 
is  225>  of  the  theoretical  (405!  reckoned  on  the  alcohol  used);  cyclohtyannl  gives  35^  (65^)  yield;  l-«thoxy-2-pro- 
panol  35f.  (685!);  1-hexanol  49%  (8(1^). 


with  l-hexincl  several  experiirenu  were  canied  out  with  ihe  objeciive  of  esublishing  th?.  effect  of  both  the 
conduloiu  and  the  caulysts  on  the  yield  of  »ceute.  ft  was  found  that  the  intiuductlon  of  double  the  amount  of  vinyl 
acetate  raised  the  yield  to  Other  catalysts  were  also  tried  out.  In  presence  of  aluminium  sulfate  the  yldd  wai 
64^  (for  equivalent  amounts  of  alcohol  and  vinyl  acetate).  Aluminum  ethylate  was  also  tried  since  we  thouRht  thai 
the  acetaldehyde  would  partially  disproportionate  by  a  Tuhehenko  reaction  [6]  and  thereby  appreciably  raise  the 
yield  of  aceute.  Aluminum  ethylate  proved,  however,  to  be  too  weak  a  caulyst.  The  yields  did  not  exceed  12^. 
Etliyl  acetate  was  not  uctecied  among  the  products  of  the  reaction  in  experiments  in  an  open  vessel  or  in  sealed  am* 
poules. 

Consequently,  vinyl  acetate  can  serve  as  a  convenient  acetylating  agent  for  amines  arxl  alcohols.  Due,  how¬ 
ever,  to  its  selectivity,  it  has  some  advantages  over  ketenes,  altho  j;  the  yields  of  acetates  in  our  case  are  consi¬ 
derably  lower.  We,  therefore,  decided  to  test  the  acetylating  action  of  vinyl  esters  of  other  acids  in  cases  where 
the  preparation  of  the  corresponding  ketene  is  either  impossible  or  involves  great  difficulties.  From  vinyl  acetate 
we  therefore  prepared  vinyl  butyrate  and  vinyl  benzoate  by  treatment  with  the  respective  alcohols  in  presence  of 
mercuric  salts  [5,  7J.  It  was  found  that  vinyl  butyrate,  in  analogy  with  vinyl  acetate,  readily  forms  butyraldehyde 
together  with  little  resin  (with  equivalent  amounts  the  yield  is  70^).  In  the  absence  of  catalyst,  vinyl  benzoate 
does  not  react  with  aniline  at  loom  temperature:  the  addition  of  a  little  sulfuric  acid,  however,  provokes  a  vigorous 
leaction  and  the  yield  of  benzanilide,  with  equimolar  quantities,  reaches  82^.  Consequently,  not  only  vinyl  ace¬ 
tate,  bit  also  vinyl  esters  of  other  carboxylic  acids  can  be  utilized  as  acylating  ageno. 

In  oaderio  explain  the  mechanism  of  acetylation  with  vinyl  acetate,  we  must  take  into  consideration  the  re¬ 
ciprocal  influence  of  the  atoms  in  the  vin>’l  acetate  molecule.  It  is  obvious  that  the  oxygen  atom  located  between 
the  Yinyl  and  the  caibonyl  group  is  weakened  in  its  complex-forming  properties  due  to  the  inf  luence.of  the  carbonyl 
group,  aud  nucleophilic  agents  will  be  the  most  likely  to  attack  the  carbonyl  carbon  atom,  fhis  is  actually  observed 
in  the  action  of  amines  or  alcoholates. 


The  matter  is  raihei  more  complicated  when  we  coruider  the  vinyl  portion  of  the  molecule, 

inflaences  the  ethereal  oxyg'ui  atom  and  even  nacre  reduces  its  ability  to  foim  oxonlura  salo, 

...  +6 

CH£=CH-b^-CH, 


wmen  uKcwisc 


It  follow'  from  the  above  schemes  that  the  CHj  group  in  the  vinyl  acetate  molecule  is  rather  more  electro¬ 
negative  than  the  CH  group  and,  consequently,  eiecuophilic  agents  are  bound  to  preferentially  attack  the  methylene 
group,  aiihoufch  the  carbonyl  group  also  weakens  the  above-indicated  polarization  of  the  bond. 


In  practice,  the  action  of  strong  acids  on  vinyl  acetate  (proton  attack)  leads  to  cleavage  of  aceuldehyde. 
The  mercury  group  also  acts  on  the  methylene  and  not  on  the  meihine  group  [8].  Finally,  sulfonation  of  vinyl 
buryl  ether  arxl  of  virryl  acetate  by  pyridine*  and  dioxanesulfotrioxide  [9]  leads  to  sulfoacetaldeh'rde,  which  fact 
also  IS  consistent  with  the  presence  of  a  certain  negative  charge  at  the  methyieiie  group.  Consequently,  if  nucleo¬ 
philic  agents  (such  as  amines)  attack  xnny!  acetate,  then  acetylation  takes  place.  At  first,  the  nix:leophilic  agent 
anacks  the  carrionyl  carbon  atom,  while  subsequently  we  get  stabilization  of  the  intermediate  complex  due  to  mi¬ 
gration  of  a  proton  and  cleavage  of  a  molecule  of  acetalaehyde. 


-6 

<CHx=^H 

O  ^ 

R-bF--  ►CO 

! 

H  CH, 


O 

CHjCHO  ♦  R-NH-C-CH, 


The  ease  of  acetylauon  is  governed  primarily  not  by  the  mobility  of  the  hydrogen  atom  but  by  the  nucleophilisin 
of  the  agerx. 

In  i.;t'  inieract.on  of  v.rr.  1  acetate  with  alcoliols,  the  direction  of  tlie  process  depends  on  the  conditions  and 
luciuie  of  ijic  alcohol  The  nucler.piiihc  properties  of  alcohols  are  markedly  weakened  by  the  phenomenon 
c  association  (hydrogen  bond).  If  this  bond  u  broken  (say  by  conversion  of  the  alcohols  into  alcoholates),  then 
deh^d  This  can  be  demonstrated  by  adding  acidic  agents  which  facilitate  cleavage  of  aceial- 


nmrett  '»  ^  “Hyl  acetate  w.ih  alcohols  proceeds  in  presence  of  mercury  salts,  the  primary 

mercuration  a  the  double  carbon^arben  bond  which  leads  ultimately  not  to  aceutes  bii  to  acylals.  In 
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the  case,  however,  of  tertiary  alcohok,  which  are  mere  strongly  nucleophilic  than  primary  alcohok,  the  principal 
process,  even  in  presence  of  mercury  talu,  is  acylation. 

EXPERIMENTAL 

Acetylation  of  isopropyl  alcohol.  Into  a  two-necked  flask  fitted  with  stirrer  and  reflux  condenser  was  intio* 
duced  6.0  g  (0.1  mole)  isopropyl  alcohol,  8.6  g  (0.1  mole)  vinyl  acetate  and  4  drops  sulfuric  acid.  The  mixture 
was  heated  for  8  hours  with  stining  on  an  oil  bath  at  100-110*.  Ptopene,  identified  as  dibiomide,  was  detected  in 
the  escaping  gases.  After  this  period,  the  mixture  was  dried  with  potassium  carbonate  and  distilled  in  a  low  column 
to  give  4.0  g  isopropyl  acetate  or  39^  of  the  theoretical.  B.p.  87.5-88*  at  753  mm. 

nj  1.3715;  dj*  0.8740;  MRp  26.77;  calculated  26.94. 

Acetylation  of  dimethylethylcarbinoL  By  the  same  procedure,  staning  from  8.8  g  (0.1  tnole)  dimethyletbyl- 
carbinol  and  8.6  g  vinyl  acetate  in  presence  of  sulfuric  acid,  5.5  g  aceute  was  obtained.  Yield  42l(>  of  theoretical. 

B.p.  121-124* at  740  mm.  A  second  distillation  gave  b.p.  124-125* at  749  mm. 

ng  1.4010;  df  0.8740;  MRq  36.16;  calculated  36.18. 

Acety^lation  of  allyl  alcohol.  From  11.6  g  (0.2  mole)  allyl  alcohol  and  17.2  g  (0.2  mole)  vinyl  acetate  in  presence  ol 
5-6  drops  sulfuric  acid  was  obuined  4.4  g  allyl  aceute  (22^  of  the  theoretical  yield).  B.p.  102-103*  at  762  mm. 

n*  1  4043,  df  0.9272;  MRd  26  41;  calculated  26.47. 

Ureratuic  data.  Vn  l£3-104*.  aJJ  1. 40496:  df  0.9276  (ID). 

On  adding  vinyl  acetate  (16  2  g)  to  sodium  al.yl'ie  (2  3  g  sodium  in  11  C  g  allyl  alcohol)  at  0*.  very  serious 
resinificiat!on  is  observed  and  no  allyl  acetr’e  could  be  isolated  from  the  products  of  reaction. 

.^cctylarion  of  1-hexanol.  A)  Tht  reaction  was  conducted  as  in  the  preceding  experiments  (in  presence  of 
sulfuric  acid)  From  10  3  g  (0.1  mole)  1-hexanol  and  6.C  g  vinvl  aceute  (0, 1  mole)  was  obtained,  afier  fractiona¬ 
tion.  4. 1  g  of  the  original  alcohol  ana  7.0  g  acetate.  Yield  49^  of  the  theoretical  {80^  reckoned  on  tl-e  alcohol 
consumed)  On  inirod  jcing  into  the  reaction  an  exce^  of  vinyl  aceute  (17.2  g)  the  yield  rises  to  B.p.  169- 
170*31  767  mm. 

n*  1.4115;  df  0.8770;  MRd  40.83:  calculated  40.88. 

Literature  data:  b.p.  169.2*;  dJ  0.8902  [11]. 

B)  A  mixture  of  10. 3  g  1-hexancl  and  8,6  g  vinyl  acetate  was  heated  with  0.3  g  anhydrous  aluminium  sul¬ 
fate  in  a  sealed  ampoule  for  20  hours  at  100-105*.  Fractional  distillation  gave  3  g  acetaldehyde  (b.p.  21-24*. 
silver  minor  test)  and  9.2  g  acetate.  Yield  64*^  of  the  theoretical.  B.p.  167-168*  at  749  mm;  1.4110. 

C)  A  mixture  of  10.3  g  1-hexanol,  8.6  g  vinyl  acetate  and  0.5  g  aliijiiinum  ethylate  was  heated  ir.  a  sealed 
ampoule  for  2C  hours  at  100-105*.  Fractional  distillation  gave  1. 7  g  acetate.  Yiela  12*^  of  theoretical.  B.p.  168- 
169*  at  758  mm. 

Acetylation  oi  3-hexanol.  From  9.0  g  (0.09  mole)  3-hexanol  and  7.7  g  (0.09  mole)  vinyl  acetate  in  presence 
of  6-6  drojr,  sulfuric  acid  after  8  houis‘  heating  on  an  oil  bath  was  obtained  36  g  original  alcohol  and  6. 5  g  acetate. 

Yield  4T!o  oi  the  theoretical  (85^  reckoned  on  the  alcohol  consumed).  B.p.  149-150*at  758  mm. 

ng  1.4061;  df  0.8670;  MRq  40  83;  calculated  40.80. 

Literature  data;  b.p.  149-151*.  n^'  1.4037;  df  0.S672  (12]. 

^  I 

On  adding  vinyl  acetate  to  a  solution  of  the  sodium  compound  of  3-ne.xanol,  considerable  heat  was  devciOped, 
after  extraction,  however,  of  the  reaciio.n  mixture  with  absolute  ether  followed  by  distillation  of  the  extract,  ihe 
ongmal  34iexa,'iol  was  recovered  and  none  of  its  acetate  was  detected. 

Acetylation  of  cyclohexanol.  A)  20.0  g  (0,2  mole)  cyclohcxanol  is  placed  in  a  ihrec-neckea  flask  fined 
'“ith  timer  and  reflux  condenser;  aduition  is  made  with  stirring  of  2.3  g  (0.1  g-atom)  sodium  in  small  pieces. 

After  the  metal  has  dissolved  (1  hour  at  110*)  dropwise  addition  is  made  with  cooling  to  the  mixture  (cooled  to  0*) 

^"2  g  (0.2  rrxile)  vinyl  acetate.  After  dilution  with  ether  and  sepaiauon  of  the  precipitate,  the  liquid  is^dis- 
tilled  to  give  11.5  g  acetate.  Yield  40  of  the  theoretical  {Sllc  reckoned  on  the  alcofiolate).  B  p.  96-97  at 
85  mm. 

ng  1.4432;  df  0.9664;  MRq  33.92;  calculated  38.59. 


B)  /  mixture  of  10  0  r  (0.1  mole)  cyclohexenol.  8.6  g  vinyl  «cet*te  (0.1  mole)  and  5-8  diopt  concentrated 
lulfuilc  acid  was  heated  wuh  stirring  on  an  oil  bath  at  100-110*  for  8  hours.  Distillation  gave  5.0  g  cycl^xyl  aceute. 
Yield  35^  of  theoretical  (65?;  reckoned  on  the  alcohol  consumed).  B.p.  98-100*  at  82  trm;  nj,  1.4435;  d4  0.9665. 

Arrtvlarionof  I-ethoxv-2-propanol.  From  10.4  g  (0.01  mole)  1-ethoxy -2-propnol  and  8.6  g  (0.1  mole)  vinyl 
aceute  in  presence  of  5  dioji  sulfuric  acid  was  obuined  5.1  g  of  the  original  alcohol  and  3.2  g  aceute.  Yield 
of  theoretical  (68^  reckoned  on  the  alcohol  consumed).  B.p.  164-165*  at  758  mm. 

nj  1.4081;  dj*  0.09456;  MRj)  38.42;  calculated  38.82. 

Literature  data:  b.p.  158-160*;  n^  1.4097;  dj*  0.9462  [13]. 

Acetylation  of  6-phenylethvl  alcohoL  In  12.2  g  (0.1  mole)  B -phenylethyl  alcohol  was  dissolved  1.1  g 
(0.05  mole)  metallic  sodium.  To  the  cooled  (to  00  mixture,  dropwte  addition  was  then  made,  with  stirring  and 
cooling  of  8.6  g  (0.1  mole)  vinyl  acetate.  Sodium  acetate  was  precipiuted  by  adding  ether  and  filtered  off.  Dis- 
tUlation  of  the  filuate  gave  3.0  g  aceute.  Yield  18^  of  the  theoretical  (30fJ>  reckoned  on  the  alcoholaie). 

B.p.  110-111*  at  18  mm. 

ng  1.5115;  df  1.044;  MRp  47.14;  calculated  46.43. 

Literature  data:  b.p.  224*;  118-129* at  13  mm:  ng  1.5108  [14]. 

Acery  lation  of  furfuryl  alcohol.  By  the  same  procedure,  using  9.8  g  (0.1  mole)  furfuryl  alcohoL  8.6  g  (0.1 
mole)  vinyl  aceute  and  1.1  g(0.05  g-atom)  sodium.  7.0  g  furfuryl  acetate  was  obuined.  Yield  about  50^  of 
theoretical  (98*^  reckotted  on  the  alcoholate).  B.p.  83-85*  at  15  mm. 

ng  L4662:  df  L1117;  MR£,  34.89;  calculated  34.69. 

Literature  data;  b.p.  175-177*;  df  L1176  [15]. 

Preparation  of  vinyl  benzoate.  A  mixture  of  34.4  g  (0.4  nrcle)  viityl  acetate,  24.4  g  (0.2  thole)  benzoic  acid, 

0.4  g  mercuric  acetate  and  2  drops  sulfuric  acid  was  heated  with  stirring  for  24  hours  at  45-50*.  A  suspension  of 
20  g  sodium  carbonaie  Ln  50  ml  water  was  then  added  and  the  ^ ^nlc  layer  was  separated.  The  ether  was  dis¬ 
tilled  off  ard  the  residue  distilled  in  vacuum  to  give  11.9  fc  (41-75)  vinyl  bcm.oate.  B.p.  96-100*  at  24  mm. 

;?g  1.5282,  df  1.0683;  K'.Rq  42.65;  calculated  41.34. 

Liieraturc  data:  b.p.  72-73*  at  3  m.m;  ng  1.5279:  df  1.069  [6], 

Prepaiauon  of  vinyl  butyrate.  From  8.8  g  butyric  acid,  172  g  vinyl  aceute,  0.22  g  miercuric  acetate  and  1 
drop  sulfuric  acid,  using  the  fame  procedure,  was  obuined  5,8  g  (51‘!«)  vinyl  butyrate.  B.p.  115-116*  at  774  mm. 

ng  1.4096;  df  0.8966;  MR£,  31.25;  calculated  31.19. 

Found  75:  C  63.14,  63.19;  H  8.80,  8.87.  Calculated  C  63.21;  H  8.84. 

Reaction  of  aniline  with  vinyl  benzoate.  To  a  mixture  of  2.3  g  (0.025  mole)  anilme  and  3.7  g  (0.025  mole) 
vinyl  benzoate  was  added  2  drops  concentrated  sulfuric  acid.  After  the  spontaneous  heating  had  ceased,  the  mixture 
was  heated  fox  30  minixes  to  100-120  ;  the  cooled  mixture  crystallized.  The  reaction  product  was  pulverized, 
washed  with  hydrochloric  acid  and  recrysullized  from  alcohol.  Yield  3.5  g  {lllc)  benzanilide.  M.p.  160-161*  in 
agreem.ent  with  the  liicrature. 

SiinUarly  (but  without  addition  of  sulfuric  acid).  2.8  g  aniline  and  3.7  g  vinyl  butyrate  gave  4.0  g  (82^)) 
biiyranilide.  M.p.  92*  In  agreement  withthc  literature. 

SUMMARY 

1.  Tbie  acy,ation  is  described  of  alcohols  with  the  help  of  vinyl  acetate  which  proceeds  both  in  an  acidic 
and  an  alkaline  medium.  A  mechanism  for  the  reaction  is  proposed. 

2.  The  e.np.oyment  cf  vinyl  esters  of  other  acids  as  acylating  agents  is  demonstrated  with  reference  to  the 
acylation  of  aniline  with  vinyl  benzoate  and  vinyl  butyrate. 
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SYNTHESIS  OF  HALOGEN  DERIVATIVES  OF  PHENA2INE 
n.  DICIiLOROPHENAZINES 


V.  P.  Chernettky  and  A.  I.  Kipilanov 

la  the  previous  communication  [1],  the  synthesis  was  described  of  mono*  and  dichlorophenazines  by  alkaline 
condensation  of  chloronitrobcnzenes  with  aniline  and  chloroanilines  *.  In  the  present  paper  we  describe  the  tynthe* 
sis  and  properties  of  five  new  bases:  1,2*,  1,3*,  1,4~,  2*3*  and  2.7‘dichlorophenazines,  and  rome  of  their  Noxides. 
We  this  now  know  all  ten  of  the  possible  isomers  of  dichlorophenazine.  In  this  paper  are  also  dexribed  the  4  iso* 
meric  dichloronitrodiphenylamines,  which  we  prepared  at  the  same  time  as  the  above -enumerated  phenazines. 

The  syixhesis  and  proof  of  structure  of  the  new  dichlorophenazines  were  carried  out  by  the  following  methods. 
1,2-Dichlorophenzine  was  prepared  by  condensation  of  3.4-dichloiDnitrobenZene  [3]  with  aniline  in  presence  of 
poirdered  KOH.  As  we  see  from  the  reaction  scheme 


the  is  possible  cf  a  mixture  of  rwo  isoraen  (D  and(II).  Cnromatographir  trectmeni  of  the  reaction  pro- 

A-'fZ  only  one  iight-yellow  base  with  m.?,  175-177*  and  one  bright -yellow  N-oxidc  which  melted  with  de¬ 

composition  at  217-219*.  Reduction  of  the  N-oxidc  v.ith  tin  chloride  in  hydrochloric  acid  gave  the  same  dichloro- 
phencjine  with  m.p.  175-177*.  In  order  to  solve  the  problem  of  the  structure  of  this  base,  we  performed  the  alka¬ 
line  cerriensation  of  2,3*dichioroaitrcbenzene  with  aniline,  which  ve  assumed  must  lead  only  to  1,2-dichloro- 
phecazine 


The  resultant  phenazine  derivative,  however,  melted  at  120-122*  and  did  not  give  a  depression  with  l<hloro 
pbenaziTfC.  Eviaently  the  mobile  chlorine  atom  in  the  2-posiiion  had  split  off  m  the  first  sugc  of  the  condensation 


Dichlorophenazine  could  not  be  detected  among  the  pioducts  of  this  experiment. 

We  then  investigated  the  condensation  of  3.4-dichior)aniIine  with  nitrobenzene.  .Here  the  postibilirv  of  loss  of 
>  cr.kMine  atom  was  excluded  and  the  foimaiion  was  to  be  expected  of  the  very  same  isomeric  dichlorophenazuies 
(0  anc  as  in  the  first  condensation.  Actually  in  this  case,  again,  only  one  dichlorophenazine  was  obtained, 
but  n  differed  from  the  first  in  having  a  much  higher  (250-251*)  melting  point.  The  dilferent  melting  points  alone  . 
suff.ee  10  indicate  tliat  the  isomer  with  the  higher  melting  point  has  the  more  symmetrical  siruciure  (II)  and  the 
one  with  tlie  lower  melting  point  tlte  less  symmetrical  structure  (I).  Tlie  structiue  of  the  base  with  m.p,  250-251 
was  conclusively  esublished  by  its  transformation  into  the  dihydroxy  derivative  and  then  into  Lhe  dlacetoxy  deriva¬ 
tive  with  m.p.  239-24C*.  A  diacetoxy  derivative  with  the  same  melting  point  was  obuined  from  2.3-dihydroxy- 

~Afier  the  preseit  paper  had  gone  to  preu.  a  paper  appeared  which  described  the  synthesis  cf  1,5-dichlorophcnazine 
by  the  same  method  [21 


pheiurine  which  In  turn  was  prepared  from  2.3^Uminophena2ine  by  the  method  of  Fischer  and  Kspp  (41  A 
mixed  test  with  both  diacetyl  derivatives  did  not  give  a  depression.  It  was  thus  proved  that  the  base  with  m.p. 
250-25riJ  2,3*dit.hk>rophena2ine;  consequently,  its  isomer  with  m.p.  n5-n7*is  l,2<lichlotopheaa£lne:  the  N- 
oxide  with  m  p  217-219*  (with  decomposition),  obulned  in  the  first  condematlon.  was  evidently  the  oxide  of 
1,2-dlchlorophenazlne.  We  did  not  csublish  the  actual  posUlon  of  the  oxygen  atom  in  this  and  the  subtequenUy 
{^oxides.  In  a  paper  by  Pushkareva  and  Agibalova  (51  and  later  in  one  by  Pachter  and  Kloetzel  (21  It 
was  shown  that  the  NO  group  in  N-oxides  of  phenazlnes  is  formed  on  alkaline  condenution  of  amines  wUh  nitm 
compounds  at  the  expense  of  the  nitro  group.  ConsequenUy.  in  our  case,  the  10-(N)-oxide  of  1.2-dlchloiophenazine 
(a)  was  obtained.  l.S^lchlorophcnazine  was  isolated  by  condr tjsatlon  of  3,5<llchloronltrobenzene  (6]  with  aniline. 


Chromatographic  separation  of  the  condensation  products  on  alumiru  gave,  apart  from  the  base,  its  Noxide,  to 
wliu±  in  accordance  with  the  above  considerations,  we  must  ascribe  the  structure  of  the  10-(N}-oxide  of  l,3^icbloro- 
phe.nazine  (b) 


O 


(b) 

1,4-Dichlorophenazins  was  synthesized  by  condensation  of  2,5-dicMoioaitrobenzerie  with  aoiUne. 

Alkaline  coDoensation  of  p-uirrochJoiohenzene  with  m'Chlomarilloe  could  yield  two  isomeric  dichloiopbecaz- 
ires:  1,5-  xnrj  2.7-di£.uk.rophena2inei  (IV)  and  (III) 


l,G-Dichloxophenazlne  (IV)  with  m.p.  171-173*  was  prepared  by  us  previously  [1],  The  above  condensation 
scheme  yielded  only  one  dichlorcphenazine  with  m.p.  229-230*  which  was  consequently  2, 7-dichlorophenazijie 
(ni).  A  yelkiw  N-oxide  was  also  isolated  which  melted  vrith  decompo«ition  at  232-233*  and  on  reduction  with  tin 


chloride  was  transformed  into  the  same  2.7-dichlorophenazme.  In  the  light  of  the  previous  considerations,  this  N- 
oxide  must  be  the  lO-i.NO-oxide  oi  2,7-dichlotophenazine  (c) 


O 


(c) 

w  ^  ‘*i‘=h^rophcnazines  which  we  prepared  by  alkaline  condensation,  together 

wiLh  the  starting  materials  and  yields. 

The  yield*  .et  foith  In  T.ble  1  ue  not  optimuiT.  There  i*  no  doubt  thot  the  yields  could  be  teUod  by  luiuble 

^  ”>"‘‘‘'‘0'“  condemetion  for  eech  Individual  derivative,  h  1.  uote,oithy  th«  N-oxide.  are  on),  fotmed 

in  hose  cases  where  a  chlorLne  atom  is  not  adjacent  to  the  NO  group. 
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TABLE  1 


Startlne  compouDds 


Niuo  compound 


Amine 


Chlorophenezines 

obtained 


0  *Nit  jochlorobenzene 


A*illiie 

1  I'Chloiophenaxine 

12.4 

o-Chloroaniline 

I  1,5-DlchloiDphenazlne  j 

1  *•! 

m<3iloiDaniline 

l.S^lchloiophenazine  | 

1  10.4 

1  1,8-Dichk>n>pheiiazlne 

16.4 

pOiloioaiilliiie 

1  1,7-Dichloiopbenazijie 

10.5 

Aniline 

10<<h0'oxide  of  2-chloropbenazine 

16 

m-Oiloioaailiiie 

2, 7-DichloiDphenazine 
10><hO<oxide  of  2,7-<iichlotophcD*  j 

11.4 

azine  j 

1  2.S 

p-OJoroaniline. 

10-<hO-oxide  of  2,6'dlchloiDphea-  • 

azine  * 

17 

3.4-Dichloroaniliiie 

2.3*DichIoiophenazi!ie  i 

2 

Aniline 

IChloiophenazine 

6 

Aniline 

I,4'Dichk>n>phenazine  . 

24 

Aniline 

1,2-Dichlorophenazine  I 

6.8 

10-(N) -oxide  of  1.2-dichloiopheD-  - 

azine 

10.2 

Aniline 

l.S-Dichlctcphenazine  1 

10-<hO-oxide  of  1.3-dicliloiopben-  ■ 

10.0 

;•^ite  j 

11.0 

p-Nit  roc  hlorob  enzeoe 


I^obenzene 

2 , 3^ic  hlo  tonii  rob  enze  ne 
2,5*DichiojonitiDbenzeae 
3,4-Dic  hlomnii  robenze  ne 


3, 5-Dic  tilo  Ton  ittob  eozene 


In  Table  2  ait;  listed  tbx  12  possible  monc-  and  dinitiophenazLic:  and  thcu  melting  poimi. 
TABLE  2 


Chloropbtzazines 

‘  M.P. 

)  Literature 

I -C  Mo  rophenazi  oe 

122-123 

1 

1  Wrede  and  Mulioth  [7J 

2  hlorophena  zine 

j  140-141 

McCombie  et.  al..  [81 

1.2-DichloiDphenazine  1 

1  175-177 

N 

f 

1 , 3^)ic  hlo  to  phena  z  inc 

1  191-192 

}  V.  P.  Chetnetsky  and  A,  I.  Kiprianoy* 

l,4-Dichloinphena2ine  j 

1S8-199 

J 

1 , 5 -DiC  hloso  phe  na  z  Ine 

271-272 

V.  P.  Chernetsky,  S.  B.  Serebryany  [1' 
Pachter  and  Kloetzel  [2] 

1,6-Dichloiophcnazine 

171-173 

"i 

1 , 7-Dic  hlo  ic  phenazine 

222-223 

V.  P.  Cherneliky  [1] 

1 , 8 -Die  hlo  lophena  z  ine 

211-212 

J 

2, 3-Ditrhloiophenaz  ine 

250-251 

V.  P.  Chernetsky  and  A.  L  Kiprianov' 

2,6 -Die  hlorophenazine 

266-267 

Bamberger,  Ham  [9] 

2,7-Dichlorophena2ine 

227-228 

V.  P.  Chernetsky  and  A.  L  Kipnanov* 

Omitted  from  Table  2  is  the  dichlorcphenazine  with  m.p.  144* described  by  Claus  in  1875  [101  Claus  had 
evidently  obtained  a  mixture  of  isomets  which  he  failed  to  resolve. 

As  indicated  at  the  start  of  the  present  communication,  several  dichloronitiodifrfienylamines  were  isolated 
from  the  products  of  alkaline  condensation..  Condensation  of  3,4'<lichloroaniline  with  nitrobenzene  gave,  apart  from 
2,3-dichlorophenazine,  two  xscmenc  dichloronitiodiphenylamines  ~reddJsh-orange  with  m.p.  161*lb2  and  yeLow 
'*iih  m.p.  214-215*  Formation  of  derivatives  of  diphenyiamine  in  the  alkaline  condensation  of  niuo  compounds 
with  armnes  must  clearly  be  regamec  as  the  first  stage  in  the  synthesis  of  phenazines 


*See  this  paper 
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The  more  deeply  colored  product  with  m.p.  161-362*  proved  to  be  ideni 
amine  (VQ,  which  we  prepared  by  heating  3;4'dichloroaniline  with  onitiochli 
[11].  Consequently,  we  must  ascribe  the  structure  ol  2,3-dlchloro-4'-ftitiodiph 
tion  with  m.p.  214-215*. 

Condensation  of  2.3-<lickloroaniline  with  ultiobenzcne  was  also  perfotir 
displacement  of  an  atom  of  chlorine  and  gave  1-chlorophenazinc.  From  the  i 
isomeric  dichlciomtrodiphenylamines,  one  of  which  was  orai^e-red  with  m.p. 
m.p.  156-157*.  In  accordance  with  the  reaction  scheme 


(VII)  (VIID 

i.-  taking  into  account  the  fact  that  o-nitroamines  are  more  deeply  colored  than  p-nitroa mines,  we  should  ascnb 
to  tr.e  prepiraiion  with  m.p.  147-148*  th*.  constitution  of  2,3-dichloK)-2’-niircpdiphcnylarairie  (VHO.  to 
prcp?ra:ion  with  ir.p.  156-167*  the  constitution  of  2,3<lichloro-4*-ruiiodiplifenyiamliie  (VII). 

Small  quantuies  of  dipheirylainine  derivatives  were  formed  in  all  our  condensations.  The  yield  cf  these 
sccotda.-y  or  Inteirneuiate  .rjducts  can  be  raisec  by  introducing  a  2- or  3-fold  excess  of  nitro  component  into  the 
alkaline  condensation  with  the  aruine. 


EXPERIViEKTAL 


rhe  procedure  used  In  this  Investigation  for  the  condensation  oi  aromatic  nitro  compounds  with  amines  was 
the  same  as  in  the  preceding  communication  with  the  sole  diiieience  that  it  was  found  possible  to  limit  the  duia- 
ticn  of  cxindensauoc  to  3  houc  without  dctrimera  to  the  yield.  Fot  purification  of  the  reaction  products,  steam 
distillaiion  from  the  alkaline  mixtuie  of  the  toluene  and  unreacted  niiio  and  amino  components  was  excluded  be¬ 
cause  it  was  observed  that  the  amount  of  resin  increased  on  distillation  in  presence  of  alkali.  At  the  conclusion  of 
the  heating,  the  toluene  solution  was  filtered  off  and  the  alkaline  residue  extracted  with  small  portions  oi  boiling 
toli'ene.  The  soivera  was  driven  off  from  the  cumbiried  toluene  solutions  and  the  residue  chromatographed  on  alu¬ 
mina.  For  the  purpose  af  complete  separation  the  chromatographic  treatment  from  benzene,  chloroform  or  dichloro' 
eiftane  millions  was  repeated  2-3  times.  The  substances  isolated  by  the  chromatographic  sepaiation  were  rccrysial- 
lized. 


1-ChIorophenazlne  was  prcpaied  by  condensation  of  1.6  g  2,  S-dichloronitrobenzcne  with  0.88  g  aniline  in 
presence  of  3.7  g  powdered  KOH  in  15  ml  toluene.  Yield  0.112  g  (6^t  of  the  theoretical);  pale-yellow  needles  from 
alcohol.  m.p  121-122*. 

j_.j^Dichlctophenaztne  was  simtheslzed  from  11.2  g  3,4-dichloronitrobenzene  and  9.3  g  aniline  in  150  ml 
toluene  in  presence  of  28;5  g  powdered  KOH.  Chromatographic  treatireni  of  the  chloroform  solution  and  recryi- 
tallization  from  dichloroethane  gave  1 68  g (6.8^)  1.2-dichlorophenazine  in  the  form  of  clusters  of  light-yellow 
small  needles,  .m.p.  175-177*. 

Found  N  11.08,  11.14;  Cl  28.80,  28.77.  CuH,N/:i^  Calculated  N  11.24;  Cl  28.51. 

1^0  .(N;-oxide  of  1.2<HchIorophenazine  was  obtained  in  the  same  experiment  by  chromatogtaphing  of  the 
products,  inng,  bright -yellow  needles  from  dichloroethane.  Yield  2.7  g  (10.2^),  m.p.  217-219*  (with  dccompoil- 


Found  N  10.59,  10.60;  Cl  26.50.  C]|K^N^1|.  Calculated  N  10.57;  Cl  26.79. 

2^3^)lchJoiophenazlne  was  prepared  by  heating  a  mixture  of  32.4  g  3,4-dichloioanlllne,  73.8  g  clta»- 
benzene.  100  g  powdered  KOH  and  300  ml  toluene.  Cryitalllzailcn  from  dlchloroethane  gave  0.95  g  (215>)  light- 
yellow  needles,  m.p.  250-251*. 

Found  N  11.29,  11.37;  Cl  28.57.  C^H^N^1^  Calculated  It;  N  11.24;  Cl  28.61. 

1.3- DichloiDphenazlne  was  prepared  by  heating  a  mixture  cf  19.2  g  3,5-dichloionlttobenzene.  9.3  g aniline, 
28.5  g  powdered  KOH  and  150  ml  toluene.  After  chromatographing  and  crystallization  from  alcohol,  there  was  ob 
tained  2.5  g  (10  pale-yellow,  small  needles,  m.p.  191-192*. 

Found  ‘St:  N  11.11,  11.02;  Cl  28.22.  CuH^N^Cl^  Calculated  It;  N  11.24;  Cl  28.51 

l-(N)-oxlde  of  1,3-dichlorophenazlnc  was  obtained  In  the  same  experiment  by  chromatogramming  of  the 
products  from  dlchloroethane.  Crystallization  gave  2.8  g  (ll'Jt)  bright-yellow,  slender,  small  needles.  m.p.  236- 
237*  (with  decomposition). 

Found ‘St;  N  10.59.  10,71;  C!  26.43,  26.67.  C^H/lN^l*  Calculated  It;  N  10.57;  Cl  26.79. 

1.4- DichloiDphcnazine  was  prepared  from  19.2  g  2,5-dichloroDitrobenzene.  9.3  g  aniline,  28,5  g  powdered 
KOH  and  150  ml  toluene.  Yield  6  g  (2^).  Long  yellow  needles  (ftom  dichloioethane).  m.p.  198-199*. 

Found‘d:  N  11,02,  11.20;  Cl  28.48,  28.85.  CuH,N/:i,.  Calculated ‘St;  N  11.24;  Cl  28.51. 

2.7d3ichlotopheaazine  was  prepared  from  15.75  g  p-nitiochlorobenzene,  12.8  g  m-cbloroaniline,  29  g  pul¬ 
verized  KOH  and  150  ml  toluene.  The  solution  in  toluene  was  chromaiogrammed.  Yield  2.83  g  (11.4^)  base. 

Pale -yellow  needles,  m.p.  229-230*  (from  benzene). 

Found ‘5: :  N  11.33,  11.4J.;  Cl  28.63,  28.59.  Ci^H^N^Cl^  Calculated ‘5fe:  N  11.24;  Cl  28.51. 

iO-lNQ-oxidc  cf  2.7-dichlorophen42irie  was  obtained  at  the  same  time  as  the  above  base.  Yield  0.61  g 
(2.5^;-  Crysiaiiizeo  from  benzene  as  bridit -y  ellow  needles,  m.p.  232-233*  (with  decomposition). 

Fcur<J ‘T*:  N  10.67.  10.71;  Cl  26.65.  CijHP-NjCl,.  Calculated  *51;  N  10.57;  Cl  26. 7». 

3.4- Dichlcno-2*-nltro<iii^eny]a.*7iine  was  isolated  during  chroma togtanuning  of  the  products  in  the  prepara¬ 
tion  of  2,3-dichlorophena2ine  in  amount  of  4.3  g  (7.5^1.  Red -orange  needles  from  Ifgroine,  ra;p.  lCl-162*. 

Found  N  9.S5.  10.10;  Cl  24.85.  24.92.  Calculated  p;  N  9.89;  Cl  25.09. 

The  same  compound  was  obtained  by  20  hours*  boiling  of  a  mixture  of  S.l  g  3,4-dichloroanilinc,  7.9  g 
o-niirochlorobenzene,  37  g  nitrobenzene  and  8.2  g  potassium  acetate.  The  noiueacted  materials  were  distilled, 
off  in  steam  and  the  residue  was  recrystallized  from  a;;ueous  alcohol.  Yield  0.7  g  (5^)  red-orange  needles,  m.p. 
158-159*.  A  nruxed  melting  test  with  the  preceding  preparation  did  not  give  a  depression. 

3.4- Dirhloro-4*-flitrodiphenylamlne  was  isolated  from  the  proc:ict>  in  the  synthesis  of  2, 3-dichlorophenazinc. 
Yield  3.66  g  (6.45*?:^).  Yellow-orange  platelets  from  benzene,  m.p.  214-215*. 

Found  N  10.08,  10.04;  Cl  25.01.  26.11.  CuH,0,N/:ij.  Calculated  N  9.89;  Cl  25.09. 

2.3- Dichloro-2*-flittodiplienylamtne  was  isolated  from  the  products  of  condensation  of  2.6  g  2, 3-dichloro^ 
aniline,  6.85  g  nitrobenzene  and  95  g  KOH  powdei  in  30  ml  toluene.  0.22  g  (4. 9>)  orange-red  needles  from  a»co- 
hol,  m.p  147-148* 

Found  N  10.05,  9.79;  Cl  24,85.  24,97,  CuH,0,NyCl,.  Calculated  N  9.89;  Cl  25.09. 

2.3- Pichloro-4*-mtic)diphenylamine  was  isolated  at  the  same  ti.Tie  as  the  preceding  preparation  by  chroma - 
topramming  from  dichloroeihane.  0.46  g  (10.2?’).  bright-ydlow  needles  from  alcohol,  m.p,  156-157*. 

Found N  9.99,  10.13;  Cl  25.09,  24,90.  CuHgOj.NjClj.  Calculated'?’:  N  S.S9;  Cl  25.09. 

-  SUMMARY 


5  new  bases  were  prepared  by  alRaline  condensation  of  aromatic  amines  with  lutro  compounis.  1,2  ,  1,3 

1.4-.  2,3-  and  2.7-dichlorophenazines.  The  following  N- oxides  were  isolated  at  the  same  time:  10-(N)-oxlde 
of  1.2-dichlorophenazine,  10-(N)-oxide  of  1,3-dichlorophenazine  and  10-(N)-oxide  of  2,7-dichlorophenazine. 


SecoDdary  and  Inteimediate  praducu  of  alkaline  condensation  which  wete  isolated  weie  2,3>  and  S,4*dl> 
ch2oic-2*-aitrodiphenylaminei  acd  2.3*  and  3,4^ichloio*4'*fiitrodipbeiiylamiiiea. 
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CONFIGUKATICN  AND  PROPERTIES 


OF  UNSATURATED  ACIDS  AND  THEIR  DERIVATIVES 

THE  OXIDATION  OF  OCTZ.DECENDIC  ACIDS  AND  THEIR  ESTERS 

A.  K.  Plisov  and  N.  P.  Bulatiky 


The  stricture  of  oleic  acid  was  esublished  by  E.  E.  Vagnei  and  was  later  confirmed  by  Baruch,  although  in 
contemporary  literature,  both  at  home  and  abroad,  Baruch  is  credited  with  being  the  first  to  establish  the  conect 
formula  of  oleic  acu!  [1],  However,  this  claira.  which  i$  accepted  at  the  present  time,  does  not  correspond  to 
reality.  Actually,  the  first  scienist  who  proposed  the  modern  formula  for  oleic  acid,  in  1888,  was  the  oiastarxliog 
Russian  chemist.  Egor  Egorovich  Vagner  [2J.  Six  years  later,  in  1894,  Baruch  [3]  repeated  the  conclusions  of 
£.  £.  Vagner  and  published  his  paper  in  the  same  Journal  in  which  Vagner's  paper  had  appeared. 

CcDcerning  the-spatial  configuration oT  oleic  acid,  one  of  us  has  reported  the  dau  obuined  on  hydrogen- 
auon  end  oxidation  of  the  geometrically  isomenc  octadecercic  acids  [4X  Later  Plisov  and  Maleeva  studied  the 
wxidation  of  oleic  and  elaidic  acids  witli  aq.teom  potassium  permanganate  [5]  and  showed  that  oleic  and  elaidic 
acids  we>e  oxidized  at  different  velocitiew..  Plisov  arxj  Bvkcveti  made  sirmlar  observations  in  respect  of  petro- 
sclutir  and  pettoselaidic  acids  and  their  esrets  [19X 

In  these  researches  the  reaction  was  performed  at  the  surface  between  the  acid  or  ester  and  an  aqueous  solu¬ 
tion  of  the  oxidizing  agent.  We  considered  that  it  was  also  necessary  to  clarify  the  nature  of  this  reaction  in  a 
homogeneous  rnedium. 

We  selected  potassium  permanganate  as  tifC  oxidizing  agent;  it  was  used  for  the  »  ne  for  the  oxidation 
of  oleic  acid  by  Zaitsev  [6],  The  mechanism  of  this  reaction  which  has  been  studied  by  xusslan  chemists 
I*^.  was  clarified  Ly  Nameikin  [9]  and  is  considered  to  involve  addition  of  the  potass.tu  .Tnanganate  at  the 
double  botvi  with  fomiation  of  an  unstable  intermediate  product: 

I 

H  -C  -OMnOpK 
H  -C  -OMnOpK 

We  must  assume  that  the  spatial  conditions  at  the  irans<ompound  will  to  some  extent  hinder  the  forma¬ 
tion  of  the  indicated  intermed  ate  product. 

As  the  solvent  for  this  reaction,  we  selected  acetone.  This  is  convenient  because  after  preliminary  treat¬ 
ment  with  potassium  permanganate,  the  aceirmc  is  oxidized  extremely  slowly;  furthermore,  we  found  that  oxida¬ 
tion  in  acetone  solution  proceeds  very  much  more  slowly  than  in  other  solvents.  This  circumstance  greatly  facili¬ 
tates  the  observations  of  changes  in  the  rate  of  oxidation  of  oleic  acid. 

Since  the  blocking  action  of  radicals  at  carbons  linked  by  i  doiA)le  bond  (steric  hindrance)  will  mainly  *f 
feci  the  first  stage  of  the  leaction  (addition  at  the  double  bond),  we  decided  to  employ  the  oxidant  In  smaller 
quantities  than  are  necessary  for  addition  at  the  double  bond,  and  to  use  weak  solutions  of  oxidant. 

Below  are  set  forth  the  results  of  oxidation  wiih  potassium  permanganate  in  acetone  solution  of  OiCic, 
elaidic,  petroselinic  and  petroselaidic  acids.  As  had  been  expected,  the  results  demonstrate  that  the  reactivity 
0^  these  acids  is  consistent  with  the  hypothesis  of  sieiic  hindrance  of  the  reactions,  and  they  tray  se've  as  a  basis 
»Qr  solution  by  a  chemical  metltod  of  the  problem  of  the  actual  configuraiion  of  geometrically  Isomenc  unsatu- 
rateo  acids. 
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expi:rimental 


Pure  oleic  (9,  lOocwdecenolc)  acid  was  obtained  foDm  comireicial  oleic  acid  via  the  lithluni  salts  knd  had 
the  following  constants:  b,p.  202*  (5  mm):  nup.  14.4^  iodine  number  (Hubl)  90.04, 

Elaidic  acid  was  prepared  by  elaidinization  of  oleic  acid  and  had  the  following  constants  after  three  recrys* 
tallisations  from  ethyl  alcohol:  b.p.  204*  (5  mm):  m.p.  51^  iodine  number  (Hubl)  89.96. 

Petroseiinic  (6,7ocudecenoic)  acid  with  m.p.  32. 5* and  iodine  number  90.0  was  isolated  from  coriander 
oil:  iu  geometrical  isomer  (peuoselaidic  acid)  was  prepared  by  isomerization  of  petroseiinic  Mid  in  presence  of 
selenium  and  bad,  after  lecrystallization,  m.p.  54*  and  iodine  number  90.1. 

The  oxidation  reaction  was  studied  in  a  water  thermostat  in  which  the  temperature  could  be  kept  constant 
to  ♦  0.05*.  Comp>atable  results  were  ensured  by  using  identical  weights  of  the  acids  concerned  In  two  stiull  flasks. 
To  these  was  added  acetone  in  quantity  required  to  give  a  total  volume  of  2  ml  in  each  flask  (i.e.,  acid  4-  acetone). 
The  fladcs  were  placed  in  the  thermostat  and  after  they  had  reached  the  temperature  of  the  thermostat,  addition 
was  made  of  48  ml  oxidant  solution.  At  specific  intervals  of  time.  5  ml  samples  were  withdrawn  and  the  amount 
of  unreacted  oxidant  was  determined  by  titration  of  the  reaction  mixture  with  0.04  N  thiosulfate  solution.  Each 
experiment  was  repeated  twice:  the  titration  results  varied  by  0.02-4). 04  mL 


TABLE  1 

Experimental  temperature  20*.  Weight  of  acids  0.3115  g 
Initial  concentration  of  oxidant  0.04102  N. 


TABLE  2 

ExperLmental  temperature  10*.  Weight  of  acids  0.3115  g 
Initial  concentration  of  oxidant  0.04102  N. 


Duration 
of  oxida* 
ticn  (in 
minutes) 

Amount  of  thiosulfate  (in  ml) 

oleic 

acid 

petroseiinic 

acid 

elaidic 

acid 

petroselaidic 

acid 

i 

8.2 

8.2 

8.2 

8.2 

15 

6.* 

6.4 

7.0 

7.4 

30 

4.8 

4.7 

5.S 

5.9 

45 

3.5 

2.6 

4.4 

4,6 

60 

2.2 

2.1 

3.2 

3.4 

75 

1.2 

1.2 

2.0 

2.3 

90 

0,3 

0.4 

0.8 

1.2 

Duration 
of  oxida¬ 
tion  (in 
minutes) 

1  Amount  of  thiosulfate  (in  ml) 

1 

oleic 

acid 

petroseiinic 

acid 

elaidic 

acid 

petroselaidic 

acid 

C 

8.2 

B.2 

8.2 

8.2 

30 

6.7 

6.7 

7.3 

7.4 

60 

5.4 

5.S 

6.4 

6.8 

90 

4.2  1 

4.4 

5.4  1 

1  5.9 

120 

3.2 

3.4 

4.3 

4.8 

150 

1.9 

1.9 

3.4 

4.0 

ISii 

0.5 

0.6 

2.5 

3.0 

T A  BlE  3 

Experimenul  te.-npetature  20*.  Weight  of  acids  0,156  g. 
Initial  concentration  of  oxidant  0.04386  N. 


Duration 


Amount  of  thiosu'ifate  (m  ml) 


of  oxida¬ 
tion  (in 
minutes) 

1  oleic 

1  acid 

!  1 

,  petroseiinic 

acid  1 

elaidic 
acid  j 

.petroselaidic 

1  acid 

0 

i  10.2 

10.2 

10.2  ! 

10.2 

15 

'  8.2 

8.2 

8.5  1 

8.5 

30 

■  6.6 

6.4 

7.0  I 

7.4 

45 

'  5.4 

5.5 

5.9  j 

6.9 

60 

i  ^6 

4.8  j 

5.0 

5.2 

75 

3.5  1 

! 

4.4 

SC 

1  2.8 

2.6  1 

3.4  1 

4.2 

Since  manganese  dioxide  is  separated  in  the 
oxidation  reaction  and  might  obscure  the  titration 
data,  we  employed  a  method  of  sample  withdrawal, 
in  vacuum  which  ensured  manganese  dioxide-4ree 
samples.  For  this  purpose  we  used  a  tube  to  one  enJ 
(the  broad  ore)  of  which  was  attached  a  sintered 
porous  plate.  The  required  amount  of  reaction  mix¬ 
ture  was  sucked  into  the  lube  with  a  pump  and  was 
filtered  from  manganese  dioxide  during  this  opera¬ 
tion. 

S  UMMA  RY 

1.  Oleic  and  petroseiinic  acids  are  oxidiz^ 
by  potassium  permanganate  in  acetone  solution 
more  rapidly  than  elaidic  and  pettoselaidic  acids. 


2.  Oxidation  of  octadeccnnic  acids  with 
expected  from  il»e  theory  of  sieric  hindrance. 


potassium  permanganate  in  acetone  solution  proceeds  as  would  be 
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QUINONES 


V.  CHLORINATION  OF  2, S-DIMETHOXYQUINONE 
I.  S.  Ioffe  and  A.  F.  Sukhlna 


In  continuation  of  previously  described  work  [1]  on  the  chlorination  of  Tnethoxyqainone,  we  decided  to  study 
the  chlorination  of  2,5-<limethoxyquinone  (I).  The  sole  chloro  derivative  described  in  the  literature.  3,6-dichk>to> 
2,5-dimeihoxyquinone  (II),  was  prepared  not  by  direct  chlorination  of  dimethoxyquinope  but  indirectly  ehher  by 
methoxylation  of  tetrachloroquinone  [2]  or  by  meihylaUon  of  potassium  chloranilate  [31 


2,5~Dimethoxyquinone  dissolves  readily  only  in  hviated  nitrobenzene.  In  our  first  experiments,  therefore,  we 
passed  chlorine  through  a  nitrobenzene  solution  of  2,5<!imethoxyquinone  heated  on  a  boiling  water  bath.  After 
dnvmgoff  the  solvent  in  vacuum  and  recry sullizing  the  residue  from  alcohol,  we  obuined  the  reacti..n  product 
in  the  form  of  bright  orange-red  plates  with  m.p.  142*.  This  substance  was  found  to  be  identical  with  the  above- 
noted  3,6  dlchloiO'2.5-<iimethoxyquinoae. 

Sii>iequently,  we  cariied  out  tiiC  reacuon  of  chloiine  with  2,5"dimethoxyqTiinone  in  T7»lldfe»  *~ODditions,  the 
ttresni  of  dry  chlorir.o  beirig  passed  thn-ugh  a  coe’esd  sa^peatinn  of  the  quinone  in  chlorciorai.  .Although  2,5*<li- 
ir.c'ho^yqianone  is  L’^isoluble  in  chloiofcrm,  with  jOHtmued  petsage  of  chlcrine  it  dissolves.  By  obsening  a  series 
of  prrcaiilions,  uiiug  thcioughly  dried  chloroform  and  chioiuie,  we  obtained  an  almost  completely  colorless  sola- 
tion  containing  — a.s  further  examination  revealed  — ptcviously  ur.dtscribcd  products  of  addition  of  chlorine  to 
2,5-di.T)eihoxyquinone  in  the  form  of  2,5<limethoxyquinone  dichlcride  (ILT)  and  2,5-dimethoxyquinDne  tetrachlo¬ 
ride  (IV). 

In  order  to  obtain  2,5-dimethoxyquinone  dichloride,  it  is  best  to  conduct  the  reaction  so  tliai  a  liale  of  the 
original  quinone  remains  in  the  reaction  medium.  If  this  procedure  is  not  followed,  2.5-dimeihoxyquinone  dichlo- 
lide  IS  extremely  difficult  to  purify  from  lerrachlotide  and  iL«  accompanying  secondary  products. which  form  a 
rtsmous  oil  in  the  mixture;  it  is  easily  freed  from  uiueacted  2,5-durieihoxyquinorie  by  filtration.  2,6-Dimethoxy- 
quinone  dichloride  cry'siallizes  from  ligioine  in  colorless  needles  melting  at  145*  (with  decomposition). 


In  Older  to  obtain  2,5-dimeihoxyquinone  tetrachlotide,  wliich  generally  has  poor  stability,  it  is  best  to  start 
^rom  previously  isolated  dichloride;  chlorine  is  passed  through  a  cooled  solution  of  the  latter  in  chloroform.  The 
tetrachloride  is  then  obtained  in  the  sclid  state  and  is  purified  by  crystallization  from  ligroine;  the  resultant  crys¬ 
tals  are  unstable  when  heated  and  melt  with  decomposition. 


When  studying  the  properties  of  methoxyquinone  dichloride  fl],  it  was  established  that  the  presence  of  the 
methnxy  group  lowers  the  stability  of  the  corresponding  quinone  chlorides.  This  observation  was  confirmed  in  a 
study  of  the  properties  of  2, 5-dimer  ho  xy  quinone  dichloride  (HIj  and  retrachloride  (FV).  Both  of  tl»ese  compounds 
also  have  poor  stability  and  readily  lose  hydrogen  chloride  to  form  the  concsponding  chloro  derivatives  of  2,5-di 
methoxyquinone. 


From  the  dichloride  (II)  is  also  obtained  the  undescribed  3-c}iloro*2,5-dimethoxyquinone  (V),  while  the  istra- 
chlonde  (IV)  gives  the  already  known  3.6-dich)oro-2,5-cIimcthoryquinone  (II).  2,5-Dimetlioxyquinone  tetrachloride 
slowly  loses  hydrogen  chloride  even  on  keeping  or  on  solution  in  alcohiol  without  heating.  Both  chlorides  quickly 
split  off  hydrogen  chloride  when  melted;  the  most  convenient  way  of  transforming  2.5-dimethoxyquinone  chlorides 


t'',o  crrrcvyonding  chlor'^  derivptivts  <  (  2,5-di;ticl!ii''xy ■  iiiiii 
Itiiiri'.s  On  cooliiig  tlic  l.->ticr.  :Iie  chU>r<'  derivatives  co-^e  dov 


lie  li  by  <hrrirer>'Td  luatine  cf  their  alcohclic  so- 

. ooiiiig  tiic  latter,  the  ciiU>r<'  derivatives  co-^e  oewn  in  the  pure  form;  3<hlcrc-2.r'di  ovthexyrutnone 

(V)  in  ihc  for  i  <-f  liphl -yelk  w  needles  with  m.p.  llS-wii*.  and  o,u-dithk  ro-2.o-di..ieihoxy  umor.e  (II)  in  the  form 

-f  _ _  .  .  .  .  .  .  ...  *  fr  _  u  _ _  ^  t  w  t  c  wt  9  nr cjn 


/  I'l  uic  lor  I  m  -yclu  w  nccuios  wua  i  ,  suu  o.u-uituiv  iv  . - 

erangc  lo^i  pJriclets  with  m.p.  142*.  The  difference  .-tiween  ihe  crytiaU  is  s'  fiances  can 

readily  distinguished  by  their  outward  appearance,  especially 


under  ihe  mlcroicope.  We  cxpioiied  thli  difference  In  coutiolllng  the  leiction  during  preparation  of  the  tetrachlo¬ 
ride. 

3.6- Dlchloio-2,6<llmcthc*xyqulnone  is  rather  lew  ioI»*le  la  alcohol  than  the  monochloro  derivative.  This 
diffaence  can  be  utilized  for  the  sirculwnecus  preparation  ol  both  substances:  a  mixture  of  2,5*dimethoxyqulnone 
dlchlorlde  and  tetrachloride  is  first  prepared  and  then  heated  in  alcohol;  finally  It  Is  subjected  to  fractional  cryi- 
talUzation. 

3.6- Dichloro-2,5-dlmethoxyquinone  (H)  was  also  prepared  by  us  from  previously  Isolated  monochloro  deriva¬ 
tive  (V),  both  directly  and  via  the  product  of  addition  of  chlorine  to  the  lattec  3<h!oro-2,5*dlmethoxyqulnone  dl¬ 
chlorlde  (VI).  This  compound  is  Interestmg  because  it  comains  one  atom  of  chlorine  replacing  an  atom  of  hydrogen 
and  two  atoms  of  chlorine  added  at  the  double  bond  of  the  cuinold  nucleus.  This  addition  product,  obtained  by 
passing  chlorine  through  a  solution  of  3-chloio-2,5-d:ipcthnx><;uinone  in  chloroform,  consisted  of  a  light-colored  or, 
which  only  soUdlfred  when  cooled  below  -20*.  This  oil  is  soluble  in  boUlng  ligroine  but  on  cooling,  it  separates 
oit  in  the  same  form. 

3-Chloro-2,5-dimethoxyquiru)ne  dichloride  is  extremely  unstable  and  splits  off  hydrogen  chloride  even  vrhen 
kept.  For  this  reason  analytical  determinations  of  the  chlorine  gsve  rather  low  resula  compared  with  the  theoretical 
value.  In  alcoholic  solution,  especially  when  heated,  the  compomd  readily  changes  into  3,6*dlchloto-2,S-dl- 
methoxyquuione  (Q}. 

The  transformations  of  the  products  of  interaction  of  2,5-<liiacthoxyquinone  with  chlorine  which  we  studied 
ire  represented  in  the  following  scheme: 


CHfi  \ 


O 

A 


CHP  A 


We  prepared  the  2.5-diniethoxyquinone  for  this  investigation  by  Buckel's  method  [4].  by  heating  p-benzo- 
quinone  with  methyl  alcohol  in  presence  of  zinc  chaoride.  This  reaction  proceeds  very  smoothly,  but  the  yield 
of  2,5-dlmeihoxyquirane  reaches  only  32^  of  the  theoretical,  reckoned  on  the  quinone  broieht  inro  reaction.  Ac¬ 
cording  to  Bucke!.  this  low  yield  is  due  to  initial  formation  of  a  product  of  addition  of  methyl  alcohol  to  the  quin- 
cne  which  rearranges  into  the  corresponding  meLhox>-hydioqu:none  and  is  oxidized  by  the  ouinone  present  to  mc- 
thoxyquinone. 

The  .Tiechan^sm  of  this  reaction  has  not  yet  been  studied.  It  may  be  conjectured  that  it  proceeds  in  several 
sta^  with  intermediate  formation  of  methoxyquinone.followec  by  an  analogous  uansformaiion  of  the  latter  into 
imet  oxyquinone.  On  this  basis  we  hoped  to  raise  the  yield  cf  2,5-dimethoxyquincne  by  starting  fiom  pre- 
viously  prepai^  methoxyquinone.  However,  on  heaUng  me  the  x%  quinone  with  methyl  alcohol  in  presence  of  zinc 
cWoride  ve  ^lain^  no  2. 5<limeihoxy quinone  at  all.  It  was  fexxi  that  in  these  conditions,  under  the  influence 
otm  y  ydroiysu  of  the  zinc  chloride),  the  methoxyqcinone  undergoes  uansformaiion  with  formation 


of  the  product  of  condensation  of  two  molecules  described  ia  the  preceding  conimunication,  B  follows  from  this 
tnat  methoxyquinone  cannot  be  regarded  as  an  imermedUte  product  in  the  preparation  of  2^ -dimethoxyquinonc 
by  Rickel's  reaction.  It  is  more  probable,  as  was  suggested  by  the  author  himself,  that  in  this  reaction,  more  rapid 
formation  occurs  (according  to  the  usual  mechanism  for  quinones)  of  the  product  of  addition  of  2  molecules  of 
methyl  alcohol  to  a  molecule  of  quinone,  and  this  is  oxidized  to  2,S‘dimethoxyquinone  with  excess  of  quinooe. 


If  this  hypothesis  is  correct,  then  the  formation  of  1  molecule  of  2.5-dimethoxyquinone  would  actually  require  3 
molecules  of  quinone  and  the  yield  of  2,5*dimethoxyquinone  cannot  exceed  33lfc  of  the  theoretical.  Since  the  di- 
methoxyquinone  is  completely  insoluble  in  alcohol,  it  is  continuously  precipitated  as  formed. 


We  hoped  to  raise  the  yield  of  2,5-dimethoxyqjinone  by  adding  to  the  solution  various  oxidanu  such  as  iron 
chloride  or  nitric  acid.  But  in  such  cases  the  yield  was  actually  lowered,  probably  due  to  breakdown  of  the  addi* 
tion  product  formed. 

We  also  prepared  2, 5<llmethoxy quinone  by  treatment  with  methanol  of  monochlotoquinone  in  pretence  of 
zinc  chlotide.  In  such  a  case  direct  methoxylation  is  accompanied  by  unusually  easy  removal  of  the  chlorine  atom 
of  the  other  methoxy  group.  This  behavior  confirms  the  above-described  mechanism  of  the  reaction.  In  the  cate, 
however,  of  the  chloroquinone  in  the  intermediately  formed  addition  product,  clea.age  of  hydrogen  chloride  and 
oxidation  are  possible  at  the  same  time. 


EXPERIMENTA  L 

1)  Dimethcxy  quinone  Dichloride 

6  g  2, 5-dimeihoxyquinone  is  finely  pulverized  and  brought  into  80  ml  dry  chloroform.  A  stream  of  dry  chlor¬ 
ine  is  passed  throi^h  the  si£i>ension  until  nearly  the  whole  of  the  dimethoxyquirione  has  entered  irao  reaction  and 
gone  into  soluion  It  is  desirable  to  stop  the  flow  of  chlorine  when  there  is  stiU  a  little  of  the  original  quinone. 
since  odierwise  the  tetrachloride  is  also  formed.  The  resulta.it  light -yellow  solution  is  evaporated  to  a  small  bulk 
in  vacuum.  White  crystals  come  down  in  the  yellow  oil.  These  a^e  filtered,  well  pressed  to  remove  oil,  and  washed 
with  >  little  chloroform.  The  chloroiotm  filtrate  >s  diluied  with  ligioine,  the  precipitate  is  added  ic  the  main  mass 
and  the  rnixture  is  washed  on  me  filter  with  iigroine. 

The  precipitate  is  purified  by  introduring  it  ir.  saiall  penions  irao  boiling  iigroine  and  then  cooling  the  satu¬ 
rated  solution.  The  resultant  white  crystals  are  filtered  from  the  still-warir.  saspensioa.  The  whole  of  this  operation 
must  be  pctformed  quickly  with  avoidance  of  prolonged  heating  and  prolonged  sta.nding  of  the  solution.  By  adhering 
to  ihe^e  conditions,  the  reaction  product  is  obtained  in  the  pure  form  and  l'  finally  punfied  by  one  more  recrystaili- 
zation  frcrti  Iigroine,  The  yield  of  this  ^  ahr«-.a  4  g.  Colories;,  tiansparerii  r.iedlcs  melting  at  145*  (with 

decomposition).  When  heated  with  alcohol  It  splits  off  hydrogen  chloride  and  forms  3<hloro-2.5-dimeihoxy quinone. 
It  is  relatively  stable  when  heated  in  Iigroine. 

0.1190  g  sub.:  0.1416  gAgCl,  0  1261  g  sub.;  0.1505gAgCl  0.1431  g  sub.:  0.2807  g  AgL  0.1360  g  sub.: 

0.2C8f  g  AgL  Found Cl  29.46,  29.52;  OCH,  25.87;  25.92,  Calculated*^:  Cl  29.67. 

OCH,  25.98. 

2  D  i  m  et  ho  xy  qu  ino  ne  Tetrachloride 

2  g  dimeihoxyqumone  dichloride  is  dissolved  in  20  ml  dry  chloroform  and  a  stream  of  chlorine  is  passed 
trjough  the  solution  until  a  sample  is  fourxj  completely  free  from  the  original  dichloride.  The  test  is  performed 
in  the  following  manner:  A  few  drops  of  solution  arc  withdrawn  from  the  reaction  medium  and  put  into  2  ml  pure 
alcohol.  The  solution  is  brought  to  the  boil  and  then  cooled;  the  precipitate  is  transferred  to  the  object  glast  of  a 
microw.ope  The  piesence  of  long,  acicular  crystals  of  .3<hloTO-2,5*<iimethcxyquinone  is  eviderce  of  the 
in  ihe  reaction  medium  of  dichloride  which  has  not  yet  entered  into  reaciion.  In  the  absence  of  the  latter,  only 
orenpe  plates  of  3.6*dichloro-2.5-dimeihoxyquinone  will  be  visible  under  the  microscope,  the  latter  is  framed  from 
the  quinone  tetrachloride. 

When  the  test  shows  complete  absence  from  the  reaction  medium  of  the  original  dichloride,  the  chloroform 
11  distilled  off  in  vacuum  and  the  precipitate  is  washed  with  a  little  chlo.mfoim  to  remove  the  impurity  in  the  form 
O!  a  while  mass.  The  crystaline  precipitate  is  crystallized  from  Iigroine  witn  observance  of  the  same  precautions 
•s  for  the  crystallization  of  the  dichloride. 

Colorless  crystals  melting  with  decomposition.  DimethoxyquiRcne  tetiachioiide  is  less  stable  than  the  dich 
lo’ide.  On  sianduig  tt  slowly  loses  hydrogen  chloride  and  is  transformed  irto  3,6-oichloro-2,5-dimethoxyquinone. 

This  transformation  takes  place  very  rapidly  when  the  tetrachloride  is  put  into  boiling  alcohol. 

0.1362  c  sub.:  0.2504  gAgCl.  0.1215  g  sub.;  0.2238  gAgCl.  0.1574  g  sub.;  0.2367  g  AgL  0.1214  g  sub: 
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0.18S6»AgL  FoimdV  Cl  45.64.  45.61:  OCH,  19.14.  19.88.  CftfifiUOCHit  Calciltalol*:  0  45.89: 

OCHa  20.00. 

3.  3 -C  h  loro -2, 5  «dl  met  boxy  gut  none 

3  g  2.5<llmethoxyquinone  dichloride  in  inuU  ponions  is  introduced  into  40  ml  alcohol  heated  tp  the  boU  and 
the  solution  is  boiled  for  15  minutes.  The  reaction  proceeds  with  evolution  of  hydrogen  chloride.  The  solitioo  gra¬ 
dually  turns  yellow  and  after  cooling  deposits  Ught-yeUow  crystaU  of  3<hloro-2.5*dimethoxyquinone.which  is  pari, 
fied  by  repeated  crystallization  from  alcohol  Yield  3  g  or  80^  of  the  theoreticaUy  possible,  long  light-yellow 
needles.  m.p.  118-119".  Very  slightly  solidrle  in  water;  soluble  in  alcohol,  ether,  chloroform,  gasoline  and  hoc  li- 

groine. 

0.1198  g  sub.:  0.0861  g  AgCl.  0.1532  g  sub.:  0.1090  gAgCl.  0.1004  g  sub.;  0.2327  gAgL  0.1384  g  tii>.t 

o!3220  gAgL  Found ‘Jk:  Cl  17.79,  17.58;  OCH,  30.77.  30.72.  CaH0^1(OCH,)|.  Calculated^;  Cl  17.53; 

CX:Ka  30.62. 

4.  3 -Chlor o -2 . 5 “d i methoxy quinone  Drchloride 

3  g  3-chloro-2.5-dimcthoxyquinone  is  dissolved  in  30  g  chlorofcMTn.  the  solution  is  cooled  to  0"  and  through 
it  is  passed  chlorine  until  a  test,  similar  to  that  described  above  for  the  preparation  of  2,5*dlmethoxyquinone  tetra¬ 
chloride,  shows  the  complete  absence  of  the  original  monochloro  derivative  from  the  reaction  medium.  The  chloro¬ 
form  is  then  distilled  off  in  vacuum  and  the  residual  yellow  oil  dissolved  in  boiling  ligroine.  On  cooling,  the  reaction 
product  separates  in  the  form  of  heavy,  oily  drops  which  could  not  be  crystallized  after  further  purification.  It  only 
solidifies  when  cooled  below  -20".  but  at  0"  it  again  becomes  oily.  The  color  of  the  oil  is  light -yellow.  On  keeping, 
it  slowly  splits  off  hydrogen  chloride  and  is  transformed  into  3.6-dichloro-2.5-dimeihoxyquinone.  In  hot  alcohol  it 
quickly  loses  hydrogen  chloride,  ft  partly  decomposes  also  when  purified  from  ligroine  and  the  chlorine  content  is, 
therefore,  slightly  lower  than  the  theoretical  value. 

0.1542  g  sub.:  0.2338  g  AgCl.  C.1C43  g  sub.:  0.2512  g  AgCl.  Found  Ik:  Cl  37.52,  37.80. 

Calculated  Ik;  Cl  38.93. 

5.  3.6-Pichlcro-2.S-dimethoxyquiDone 

a)  S  g  2,5-dinie:hoxyq'iir.one  is  stirred  into  60  ml  nitrobenzene  and  the  ii;ixtu.-e  is  heated  on  a  boiling  wner 
bath.  TK’ough  this  heated  solution  is  passed  a  sueam  cf  dry  chlorine  for  2  hours.  At  the  conclusion  cf  the  reaction, 
the  nuiobenzene  is  uken  off  in  vacuum  and  the  dry  residue  crystallized  from  alcohol  Yield  6  g  or  80^  of  the 
theoteiical 

b)  3  g  dimethoxyq'iincae  tetrachloride  is  inuoduced  into  40  ml  boiling  alcohol  and  boiling  is  continued  for 
15  minutes.  The  reaction  is  accompanied  by  evolution  of  hydrogen  chloride.  On  cooling,  the  orange-yellow  solu¬ 
tion  deposits  crystals  of  3.6-dichloio-?,5-dimethoxyqulnonc. 

c)  3.6-DIch!oro-2.5-dimethoxyquinone  can  also  be  obtained  from  the  crude  product  of  exhaustive  addition  of 
chlorine  to  2. 5-dimethoxy quinone,  or  from  3'Chloro-2,5-dimeihoxyquinone  chloride,  cr  from  the  resinous  mass  re¬ 
maining  on  crystallization  cf  2, 5-dimeiboxyquinone  dichloride. 

The  product  is  in  the  form  of  bright  orange-red  plates  with  m.p.  142";  insoluble  in  water,  soluble  in  alcohol 
aral  ether.  Readily  crystallizes  from  ligroine.  Is  less  soluble  than  the  monochloro  derivative  in  alcohol  and  this 
difference  can  be  utilized  for  separation  from  the  latter  by  fractional  cry'stallizatlon. 

0.1262  gsub,:  0  1  540gAgC!.  0.1416gsub.:  0. 1710  q  AgCl  0.12C6  g  sub.:  0.2486  g  Agl  0.1152  g  sii).: 
0.2283  gAgl  Found‘d:  Cl  30.21.  29.92;  OCH,  25.95.  26.21.  CalcuUted  Ik;  Cl  29.96; 

OCH,  2C.16.  •  *  a' 


SUMMARY 

chlorine  tlirough  a  solution  of  2, 5-dimethoxquinone  in  chloroform  leads  to  2,5-dlmethoxyquinone 
^  2.5-dinieihoxyquinone  tetrachloride,  both  these  compounds  have  poor  stability  and  lose  hydrogen 

j  c  .on  e  readily  with  for.mation,  respectively,  of  3-chloio-2.5-di.niethoxy quinone  and  3.6-dichloro-2,5-dimethoxy- 
^  quinone. 

From  3-chloro-2.5<limethoxyquinone  was  obuined  3-chloro-2.5-dimcLhoxy'quinone  dichloride  which,  by  cleav¬ 
age  of  HCl  is  also  transformed  into  3. 6-dichloro-2.5-dimeihoxy quinone. 

tmn  in  K  2. 5-dimethoxyquinone  may  also  be  obtained  directly  from  2, 5-dimethoxy  quinone  by  chlorina¬ 

tion  in  heated  rutrobenzene  solution. 
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NAPHTHOFUROXAN 


L  THE  BISULFITE  COMPOUND  OF  NAPHTHOFUROXAN 
S.  V.  Bogdanov  and  fi.  I.  Karavaev 

As  we  know,  oxldano  act  on  the  dioximes  of  o-quinonet  to  form  compounds  with  the  general  formula 
R  =  NP|.  These  compounds  are  also  obtained  by  oxidation  of  the  corresponding  o-nitroamino  compounds  or  by  de¬ 
composition  of  o-niuoazido  compounds.  These  substances  were  formerly  believed  to  have  the  structure  of  o<dini- 
troso  compounds  or  of  peroxides.  Nowadays  they  are  represented  as  oxides  of  furazines  or  as  furoxans: 

V 

i 

As  evidence  of  the  quinoid  structure  of  these  coinpounds,  Hammick  and  others  [1]  adduce  the  addition  of  ** 
atoms  of  bromine  to  benzofuroxan.  The  existence  of  two  differem  products  of  oxidation  of  the  amphi<)ioximes  of 
asymmetrical  a -dikctoncs,  correspondirtg  to  the  formulas  of  Meiser^ein;er  and  others  [21  makes  probable  an  asym¬ 
metrical  configuration  of  the  fuioxan  nng.  Green  and  Rowe  [41  who  studied  the  oxidation  of  c-nliroanilmes  to  the 
corresponding  furoxans,  at  first  proposed  an  asynunetxlcal  formula  for  the  latter  and  assumed  that  the  nitrogen 
atom  linked  to  the  twoox>’gen  atoms  is  loc ars'd  at  the  carbon  previously  litiked  viih  the  nitro  group.  They  laict 
foiruJ,  however,  that  oxidation  of  4<hloro-  erd  5’Chlorc-2-fiitrcinilir.es  leads  to  orte  and  the  same  chlorobenzofmo- 
xan  [41  A  similar  phenomenon  is  observed  in  tre  oxjdaiir.n  of  i!-nitro-4-amino*  or  4-niDo-5-ainmci'*:uenc  and  in 
the  decomposition  of  4- or  5-bromo-2-nitrO'l-azklobeR2ene  and  3-rjtro-4-a3ido*Of  4-rltro-3*azidotoIuene  [5]. 
Moreover,  on  oxidation  of  2-nitro-I-asphthylamine  arid  l-nitro-2-naphiliylamine  and  on  decomposition  of  2'niuo- 
l-ezidona^^lhalene  or  l-nitro-2-Azidonaphthalene,  there  a  formed  one  and  the  same  naplithofuroxan  [6].  These 
facts  led  Green  and  Rowe  to  the  conclusion  that  the  fuioxan  group  hat  Uie  symmetrical  structure 


Although  the  attempt  of  Hammick  and  co-workers  to  establish  the  structure  of  furoxans  by  determination  of 
the  parachors  of  benzo-and  methylbenzofuroxans  did  not  lead  to  a  decisive  solution  of  the  problem,  they  assumed 
an  asymmetrical  structure  of  furoxans.  In  their  opinion,  the  formation  of  identical  furoxans  on  oxidation  of  4- or 
5- substiiined  2-nitroaniLines  is  explained  by  the  transition  of  the  less  stable  furoxan  isomer  into  the  symmetrical 
o-dimtro  form, followed  by  transformation  into  the  stable  isomer. 

As  previously  pointed  out  [7],  the  sulfite  compound  of  1.2-;iaph:hoquinone  dioxime  (D.  which  is  obtained  by 
the  action  of  hydroxy lamine  on  the  bisulfite  compound  of  l-fiitroso-2-fiaphihol,  is  converted  by  oxidation  in  an 
acidic  medium  into  a  colorless,  crystalline  substance  containing  nitrogen  and  sulfur.  The  oxidation  product  re- 
niaiuCu  unexamineo  but  it  was  considered  to  be  closely  related  to  naphihofuroxan  which  was  first  prepared  by 
Ilymsky  [8]  by  oxidai’on  of  1.2-tiaphthoquinonedioxime.  On  resuming  the  study  of  some  derivatives  of  l*<iiiroso-2- 
naphthol,  we  repeated  the  experiments  on  oxidation  of  the  sulfite  of  1,2-fiaphthoqulnonedioxime.  Using  nitric  acid, 
nitrous  acid  and  hyd'ogen  peroxide,  we  obtained  one  and  the  same  substance  in  which,  judging  by  its  reduction  to 
I.2-naphthylcnediarnine-4-sulfoiiic  acid,  the  structure  of  the  naphthalene  ring  is  retained  as  well  as  the  ongirial  po¬ 
sition  of  the  atoms  of  nitrogen  and  sulfur.  We  attributed  to  this  compxxund  the  structure  of  the  bisulfite  compound 
of  naphthofuroxan.  Since  no  data  are  available  about  the  linkages  of  the  oxygen  atoms  in  the  nitrogen-containing 
naphihofuroxan  ring,  we  consider  it  is  expedient  for  the  present  to  use  the  formula  of  Green  and  Rowe. 

Some  properties  of  the  oxidation  product  will  be  described  later,  but  here  we  describe  its  sodium,  potassium, 
harium  and  benzidine  salts. 
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Wheg  Piturlgg  die  laidel  lulflte  corapour.d  of  1.2-gaphthoquli«ine<lU>icime.  U  U  unn«^ry  to  boU  the  tolo- 
.log  of  die  bUuiit^ogipougd  of  gl.«.g>g.phd«.l  wld.  hyd^xyUmUie  (..  iodlced  p,e,io«l,)l  the  *.c.log  .I*.d, 
procesds  At  room  temperanue,  although  much  more  slowly. 


The  stricture  of  l,2iiaphthylcnediamlne-4-sulfonic  acid  was  esublished  by  conversion  with  selenium  dioxide 
into  naphtho-selenoazole-sulfonic  acid(llD  and  by  comparison  with  the  analogous  product  of  transformation  of  the 
sulfonic  acid  i»cpared  by  cleavage  of  the  azo  ccmpound  formed  from  phenyldiaronium  and  l-naphthylamlne-4- 
sulfonic  acid.  In  this  case  use  was  made  with  slight  modification  of  Hinsberg’s  method  p]  for  the  preparation  of 
nsththosele nodiazole  from  1,2-naphthylenediamine. 

EXPERIMENTAL 

Sulfite  compound  of  1.2-naphthoquinoriedioximewas  prepared  by  30  minutes’  boiling  of  a  solution  of  the  bi- 
sulliie  compound  of  l-nitroso'2-naphihol  with  a  small  excess  of  hydroxyiamine  hydrochloride  and  sodiurii  aceute, 
followed  by  acidification  of  the  cooled  solution. 

On  sundir.g  a  solution  of  11, OS  g  of  the  bisulfite  compound  of  l-rutroso-2-naphthoi,*6.63  g  crystalline  sodium 
acetate  and  3.‘jC  g  hydroxylamine  hydrochloride  in  75  ml  water  at  18-20*  the  reaction  for  l-uitroso-S-ttaphtfiOl  dis¬ 
appeared  after  48  hours.  .A.cidificatiun  of  the  cooled  solution  wi^b  hydrochloric  acid  brought  down  7  g  of  sulfite 
compound. 

O X idation  of  the  Sulfite  Compound 

1.  *'5tric  acid.  To  a  solution  of  10.8  g  (0.04  mole)  sulfite  compound  and  2.2  g  crystalluie  sodium  carbonate 
in  100  mi  water  was  added  42.5  ml  59.4*??  nitric  acid:  the  mixture  was  heated  to  90-95*  and  kept  at  this  temperature 
for  50  minutes.  Already  at  50*  the  evoliuion  of  oxides  of  niLrogen  commenced  and  subsequently  the  odor  of  naphiho- 
furazanwas  deteaed.  Into  the  cooled  and  filtered  solution  was  introduced  21  g  crystalline  sodium  carbonate;  the 
resul.ant  precipiute  was  filtered  and  washed  with  water  and  alcohol.  Yield  9.6  g. 

The  reaction  .may  be  so  conducted  that  tlie  stage  cf  separation  of  sulfite  compound  b  avoided.  The  paste  of 
nitroscaaphtliol,  obtained  in  the  usual  way  from  0.2  mole  2-narhthol,  was  washed  until  neutral  and  expressed:  it 
was  then  dissolved  in  57.4  g  36.2^  sodium  bisulfite  diluted  with  an  equal  amount  of  water.  Irao  the  filtered  solu¬ 
tion  was  inrroducfcd  38  g  crystalline  sodium  acetate  and  16.8  g  hydroxylamine  hydrochloride:  the  solution  was  boiled 
for  30  minutes  and  filtered.  After  dilution  to  260  ml,  the  filtrate  was  run  over  a  period  of  hour  into  a. heated 
(oS-ee*  solution  ol  164  ml  56. 6*??  niirlc  acid  in  200  ml  water.  The  mixture  was  heated  to  90*  kepi  at  this  tempers- 
tuie  for  15  minutes  and  filtereci.  To  the  filtrate  was  added  sodium  chloride  (20  g  per  100  ml  filtrate);  the  precipi¬ 
tated  sodium  salt  of  the  oxidation  product  was  filtered  and  washed  with  water  and  methyl  alcohol.  Yield  50.6  g 
(74^  of  theory  on  the  2-fiaphthol). 

2.  bStrous  acid.  Into  90  m!  scluticn  of  the  bisulfite  compound  of  l,2^aphthoquinonedioxime.  prepared  from 
0.1  mole  2-naphthol,  was  introduced  8  g  sodium  bicarbonate  and  20.7  g  sodium  mtrite:  the  solution  was  run  in  the 
course  of  35  minutes  into  a  heated  (30-40*)  mixture  of  40  ml  35.4*?:  hydrochloric  acid  and  100  ml  water.  The  sus¬ 
pension  formed  was  heated  to  95*  and  held  at  this  temperature  for  15  minutes.  The  solution  was  filtered  and  cooled. 
The  precipitate  was  filtered  and  washed  with  water  and  methyl  alcohoL  Yield  19.0  g.  Partial  co.ncentralion  of 

the  filtrate  led  to  separation  of  an  additional  2.6  g  substance. 

i — peroxide.  Lnio  a  boiling  suspension  of  5,4  g  sulfite  compound  of  1,2-naphthoquinonedioxime  in 
a  mixture  of  20  ml  35.4^  hydrochloric  acid  and  40  ml  water  was  run  dropwise  30  ml  30^  hydrogen  peroxide,  .‘^aixly 
rapid  formation  occurred  of  a  light-yellow  solution  containing  an  insignificant  amount  of  resinous  particles;  the 
odor  of  ch.orine  was  detected.  The  filtered  and  cooled  solution  was  partly  tieuttalizcd  with  sodium  caxboriCte  and 
the  precipitate  was  filtered  and  washed  with  alcohol.  Yield  2.5  g.  The  substance  did  not  coruair.  chlorine. 
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The  Mme  letult  was  obtalard  by  substituting  sutfuric  acid  for  bydiochloric  acid. 

The  sodium  salt  of  the  product  of  oxidi.»l&a  was  puilfied  by  ciysuUizaiion  from  double  the  amount  of  water 
or  |]y  precipitation  from  an  aqueous  solution  of  alcohol.  Colorless  rectangular  plates.  Relatively  stable  in  acid  sola- 
tionSi  but  boiling  in  30*€9^  sulfuric  acid  resulted  in  browning  and  formation  of  naphthofurazan  (m.p.  78^, 

The  compound  contains  3  molecules  of  water  of  crystallization.  2*4  of  which  are  driven  off  at  140*;  at  a 
higher  temperature  the  compound  decomposes. 

0.1705  g  sub.;  0.0352  g  Na^rSO^  0.1416  g  sub.:  10.2  ml  N|  (17*,  747  mm).  Foind  fb:  Ite  6.69:  N 8.33. 

Cx|HiOtN|SNa‘3Hp.  Calculated  lb;  Na  6.69;  N  8.14. 

The  potassium  salt  was  prepared  from  the  sodium  salt.  Colorless  rectangular  plates,  fairly  readily  soluble  ir 
cold  water.  insolid)le  in  alcohol. 

1.1034gsub.;  loss  on  drying  (130*)  0.0618  g.  0.0924gsub.;  7.2  ml  N,  (21.5*.  729  mm),  0.2354  g  dry  sub.: 

0.0648  g  KjSO^  Found  H|0  5.60;  N  8.66;  K  12.35.  CuHp,N^K  *  H,0.  Calculated  Hp  6.55; 

N8.S4.  CuHP|N,SK.  CalcuUted  K  12.77. 

The  barium  salt  was  prepared  from  the  sodium  salt.  Colorless  elongated  plates  with  pointed  ends;  poorly  so* 
luble  in  colli  and  fairly  soluble  in  hot  water. 

0.6954  g  sub.:  loss  on  drying  (130*)  0.0914  g.  0.1275  g  sub,;  0.0386  g  BaSO^,  0.P940gsub.;  S.S  ml  N| 

(20*.  748  mm).  Found  Hp  13. 12;  Ba  17.81;  N  7.68.  (CuHp.N^jpj  •  5.5Hp.  Calculated ‘!b:  Hp  12.85; 

3a  17.82;  N  7.27. 

The  benzidine  salt  was  prepared  from  the  sodium  salt  and  benzidine  hydrochloride.  Colorless  elongated 
plates,  poorly  soluble  ui  ccld  and  faltly  soluble  in  hot  water,  inscluble  in  alcohol. 

0.6132  g  sub.;  loss  on  drying  (120^  0.0290  g.  0.7374  g  sub.;  19.71  ml  0.1  N  NsNOj.  Found  Hp  4.72; 

M  ”48.  (CVH,CjN*^)PuKu>v;,-  2Hp.  Calculated  ‘Jb;  Hp  4.76;  M  756. 

1.2-Kaphihyle»ediaraine-4-sulfotur  acid 

1)  To  a  scloticn  of  20.6  g  sodium  salt  of  the  bisulfite  conipcund  in  120  ml  witci  u  run  in  120  ml  ammorua 
sCiuaoii.  followed  gradually  ar  33-60*  by  40  g  zlric  dusr.  After'?  heuis  aunr^;  at  6&*  the  mixture  is  filtered  and 
the  filt;a;e  acidJ’ied  wirh  hydrochloric  acid.  The  precipitate  isfiirered  a.nd  v  ashed  with  water.  Yield  9.1  g. 

2)  Into  a  solition  of  10.3  g  scdium  salt  in  150  ml  water  is  run  35  ml  40T--  .NaOH.  followed  at  15-35* over  a 
period  of  45  minutes  by  20  g  zinc  dia».  .Alter  20  m.inuicj’  stirring  at  oo*.  the  mixture  is  filtered  and  the  tikrate 
acidified  with  hydrochloiic  acid.  Ti  e  lighi-bxwn  precipitate  (pris.ms)  is  filien-d  and  washed  with  water.  Yield 

6  8g. 

Alter  leprecipiiation  from  sodium  acetate  solution,  the  substance  has  a  faint  brown  tint.  Oxidation  with  ni¬ 
tric  acid  converts  it  into  l,2-tiaphihoquinone-4-sulfonic  acid  (cliaracterized  by  formation  of  red  1,2-naphihoquinone- 
4-aniIide  wuh  aniline),  and  treatment  with  the  bisulfite  comipound  of  ixienanthrenequinone  .gives  naphthophenan- 
thiazine-^ilfonic  acid  (yellow  needles,  soluble  in  sulfuric  acid  with  a  blue  color). 

•N'a  ph  t  hes  e  le  nod  1  a  zoic  -s  ulf  onlc  Acid 

Into  a  suspensuDn  of  7  14  g  naphthylenediamine -sulfonic  aetd  in  15  ml  water  was  run  7.0  g  selenium  dioxide 
St  the  normal  temperature  In  a  single  portio.n.  After  brief  stming.  a  brown  solution  was  obtained.  Into  the  nlution 
'•ai  run  20  ml  34*^  .NaOH  and  the  light -colored  preclpuate  was  filtered  and  was.hcd  with  water  and  alcohol.  Yield 
10.27  g. 

The  subsiarvce  crystallized  from  water  In  the  form  of  coioxless  long  prisms. 

1.0440gsub.:  loss  on  drying  (130*)  0.0663  g.  0.3134  g  dry  sub.:  0.0651  g  Na,S04^  Found ‘S>:  Hp6.35; 

Nae.73.  CijHPaN^SeNa- 1.25  Hp.  Calculated  Hp  6.29.  Ciollpj.N’iSSefa.  Calculated  V.  Na  6  86. 

The  sulfochloride  was  obtained  by  48  hours’  standing  of  a  mixture  of  the  sodium  salt  of  the  sulfonic  acid  with 
an  equal  anxsup.t  of  phosphorus  pentachloride  at  the  ordinary  temperature  and  wasseparated  by  diluting  the  t.iixture 
w;ih  ice.  leUowish  bipyramids  (from  chlorobenzene),  m.p.  204.5-205.3*. 

1.2-.Naphihylenediamine -4-sulfonic  acid,  prepared  by  decomposirion  of  the  azo  compound  frorr  pheryldia- 
zonium  and  l-nafrfiihylamine-l-$ulfonic  acid,  possessed  the  same  propenies  as  the  product  of  reduction  of  the  buul- 
fite  compound.  The  sodium  salt  of  naphthoselertodiazole-sulfonic  acid  was  prepared  as  above. 
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1.0352  g  $ub.:  low  on  drying  (130*)  0.0361  g.  0.1682  g  dry  »ii>.:  0.0352  g  NijSO^  Found  %i  Hp  6.39; 

Ni  6.78. ' 

The  sulfochlorlde  bed  m.p.  £05. 5-2 06*5  •  mixture  of  both  tulfochloride*  roeUed  nt  20S-906.6*. 

SUMMARY 

1.  Oxidation  of  the  sulfUe  of  1.2-«aphthoquinonedioxime  wUh  nitric  acid,  niuoui  acid  or  hydrogen  peroxide 
leads  to  the  sulfite  of  naphthofuioxan.  The  sodium,  poussium,  barium  and  benzidine  ults  of  the  oxidation  product 
were  prepared. 

2.  Itediction  of  the  bUulfiie  compound  of  naphthofuioxan  with  zinc  in  pretence  of  ammonia  or  sodium  hy¬ 
droxide  leads  to  1.2-naphthylenediamine-4-sulfonic  acid. 

3.  Oxidation  of  l,2*naphthylenediamine*4Hulfonic  acid  with  selenium  dioxide  leads  to  naphthotelenodiazole- 
sulfonic  acid. 
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NAPHTHOFUROXAN 


II.  2-NITRD-l-NAPHTHYLAMINO-4^ULFONIC  ACID  AND 
2-NITRD-1-NAPHTHOL-4-SULFONIC  ACID 

S.  V.  Bogdanov  and  I.  N.  Koroleva 


A  method  was  previously  described  [l]for  the  preparation  of  the  bisulfite  compcund  of  naphthofuroxan  (Q. 

This  compound  was  found  to  be  very  unstable  toward  alkalies,  the  degree  of  sensitivity  depending  upon  the  con¬ 
ditions  of  ute  and  the  nature  of  the  alkaline  agent.  Naphthofuroxan  (ID.  the  normal  product  of  breakdown  of  the 
bisulfite  compcund,  is  formed  only  in  minor  amounts.  Below  is  described  the  transformation  of  the  bisulfite  com¬ 
pound  in  presence  of  sodium  carbonate. 

Bolling  of  the  bisulfite  compound  with  sodium  carbonate  solution  gives  ^•aitro-l-naphthoM'Sulfonic  acid 
(DD.  tiaphthofuroxan.  naphthofurazan  and  a  sulfonic  acid  of  unknown  structure,  which  contains  nitrogen.  In  suitable 
conditions  2 -nitro-l-ruphthol -4 •sulfonic  acid  is  the  mam  product  of  the  reaction  and  is  obtained  in  a  yield  of 
of  the  theoretically  possible.  As  experiments  showed,  the  formation  of  this  sulfonic  acid  proceeds  via  hydrolysis 
of  the  amino  group  in  the  initial  reaction  product  —  2-nitro-l-n3phthylamine-4-culfonic  acid  (IV).  This  amino  com¬ 
pound  is  obtained  by  keeping  the  bisulfite  compound  in  1*50  sodium  carbonate  solution  at  the  ordiriary  temperature: 
heating  greatly  accelerates  the  reaction;  after  10  minutes*  boiling  of  this  mixtme  the  yield  of  2-nitro-i'r.aphihylara- 
ine  *4  -sulfonic  acid  reaches  89^  of  the  theoreticaL  Formation  of  secorJary  teaction  pnxlucts  is  al.^  observed  in 
this  case. 


Conversion  of  the  bisulfite  compourxf  of  naphthofuroxan  Into  2-miio-l-*Laphthylamine-4-suIfonic  acid  is  simi¬ 
lar  to  some  extent  to  the  transformation  of  the  bisulfite  compound  of  l-miroso-2-naphihol  into  l-arnino-2-naphihol- 
4-sulfonic  acid  [2].  Naphthofuroxan  is  obtained  as  the  result  of  normal  decomposition  of  the  bisulfite  compoutxl  of 
p.aphUiofuroxan,  while  the  formation  of  naphthofurazan  can  be  explained  by  reduction  of  naphthofuroxan  and  of 
the  bisulfite  compourid  of  naphthofuroxan  with  the  split -off  sodium  sulfite. 

Tlie  structure  of  2-niiro-l-naiithol'-4-suifonic  acid  was  established  by  its  conversion  into  2,4-dinitro-l-naphthol. 
into  2-flmino-l-naphUiol-4-5ulfonic  acid  and  iiuo  2-nitro-l-naphthoL 

The  structure  of  2-niiro-l-naphthylamine-4-sulfonic  acid,  already  inferred  from  us  uansformaiion  inm  2-niuo- 
1 -na phthol-4-sulfonic  acid,  was  confirmed  by  conversion  into  l,2-fuphthyIenediamine-4-5ulfoiiic  acid  and  into  2- 
nitro-l-naphthylamine. 

The  diazo  compound  of  2-niiro-l-nsphthylamin£-4-5ulfoniL  acid  is  obtained  in  normal  conditions  and  possesses 
the  Dermal  azo-couplirig  abilitv;  under  the  action  of  sodium  carbonate,  however,  it  loses  the  nltro  group  and  is  con¬ 
vened  into  the  poorly  active  1 -diazo -2 -naphihol-1 -sulfonic  acid. 


EXPERIMtNTA  L 

2-Ni:ro-l-naphthyIamlne-4-sulfonic  Acid 

1)  Into  a  solution  of  61. 9  g  (0.18  mole)  sodium  salt  of  tne  bisulfUe  compound  of  naplithofuroxan  in  450  ml 
'  'e-  1$  introduced  at  the  ordinary  temperature  4.5  g  calcined  sodium  caibonate;  the  mixture  is  heated  to  the  boil. 
a.id  after  10  minuiss*  boiling  it  is  cooled.  The  resultan;  very  small  yellowish  precipitate  is  filterod  off  and  to  the 


fUtiate  is  added  sodium  chloride  of  the  volume).  The  precipitated  orange  pUtelets  of  the  sodium  salt  of  nitio- 
naphihylamine-sulfonic  acid  are  filtered  and  washed  with  water,  methyl  alcohol  and  ether.  Yield  46.76g  (89.S^ 

of  theory). 

The  filtrate  and  residue  after  evaporation  of  the  alcohol  and  ether,  is  boiled  for  an  hour.  After  cooling,  the 
yellowish  liluate  U  filtered  and  washed  with  water.  Weight  of  prociplute  1.86  g  (precipitate  aj. 

Tlie  filtrate  is  acidified  wUh  8.5  ml  hydrochloric  acid  and  the  resulunt  yellow  crystalline  pieciplute  Is 
filtered  arul  washed.  Weight  of  substance  4.23  g  (precipitate^. 

2)  To  a  solution  of  10.3  g  sodium  salt  of  the  bisulfite  compound  in  200  ml  water  was  added  23  g  9.5^  so¬ 
dium  carbonate  solulon  and  the  mixture  left  for  18  hours  at  18-20*.  Addition  of  sodium  carbonate  to  the  filtered 
solution  brought  down  4.71  g  sodium  salt  of  nitronaphthy  la  mine-sulfonic  acid;  boiling  of  the  filtrate  gave  0.28  g 
preciplute  £  and  2.23  g  precipiute  b. 

The  sodium  salt  is  readily  soluble  in  water  and  much  less  soluble  in  ethyl  alcohol.  From  water  It  crystallizes 
in  the  form  of  orange,  long,  slender  platelets.  Drying  at  125*  indicated  the  absence  of  water  of  crystallization. 

O.OSMgsii).;  0.0236  g  NajSO^.  Found  Ik;  Na  7.69.  Ci,Hp»NxSNa.  Calculated^:  Na  7.93. 

The  poussium  salt  (prepared  from  the  sodium  salt)  crystallizes  from  water  as  oraitge  prisms. 

1.0028  g  sim,:  lofcs  on  drying  (120')  C.0494  g.  0.2066  g  dry  sub.:  0.0570  g  KjSO^.  Found  Hp  4.93; 

K  12,38.  Cj^PsN^K'Hp.  Calculated‘S:  Hp  5.55.  CuHPjl^K.  Calculated^;  K  12.77. 

1.2-NaphthyIfcnediamine -4 -sulfonic  Acid 

Into  a  solution  of  11.6  g  sodium  salt  of  the  amino  compound  in  200  ml  water,  acidified  with  64  ml  hydrochlor¬ 
ic  acid,  is  introduced  at  65-90*  over  a  period  of  40  minutes  16  g  zinc  dust,  and  the  mass  is  stined  at  90* for 
another  20  mLnutes.  The  precipitate  is  filtered  and  washed  with  water.  The  yield  of  dlamiao  compound,  after  re- 
precipitauop  from  sodium  acetate  solizion.  is  7.1  g:  long,  slender  prisms.  With  the  bisulfite  compound  of  pkenan- 
tiuenequinoae  the  subsurree  gives  the  ycilow  naphtbcphenanthrazine-sulfonic  acid:  with  nitnr.  acid  it  is  oxidized 
to  ],2-r»aphth&quliione-4-s-alfomc  acid:  with  selenium  dioxide  it  forms  the  corresponding  selenodi&zole  whose  sulfo- 
cnlonde  melts  at  ?04, 5-205*. 

2-Nittc-l-naphihylamine 

A  mixture  of  20  g  of  the  sodium  salt  of  nitronaphthylamlr.e-sulfoaic  acid  arxi  600  ml  40^  sulfuric  acid  was 
heated  at  108-112*  for  2  hours.  The  cooled  sa^pension  was  run  into  800  ml  water  and  the  yellow  ciystalllRe  precipi¬ 
tate  filtered  and  washed  with  water.  In  order  to  separate  the  unieacted  sulfonic  acid,  the  precipitate  was  heated  to 
90*  with  200  ml  water  and  40  ml  ammonia  solution,  the  insoluble  portion  was  filtered  off  and  washed  with  400  ml 
water  at  95*.  Yield  of  niironaphthylaminc  6.23  g.  (From  the  filtrates  from  the  nitronaphthylamlne  was  isolated 
7.94  g  poiassiam  salt  of  the  original  sulfonic  acid  by  addition  of  potassium  chloride.)  Nitronaphihylamine  crystal¬ 
lizes  from  methyl  alcohol  as  orange  prisms  with  m.p.  142. 5-1 43*.  Nitrous  acid  converts  it  into  a  yellow  solution  of 
diazo  compound  which,  with  2-naphThol-3,6-disulfonic  acid,  forms  a  biue-red  dye  and  with  resorcinol  a  reddish- 
brown  dye.  After  treatinerit  with  sodium  carbonate,  the  diazo  compound  does  not  couple  with  2-naphthol-3,6-di$ul- 
fonic  acid,  but  with  resorcinol  it  gives  a  lilac  dye. 

1 -  Diazo -2 -naphthol -4 -sulfonic  Acid 

A  soht ion  of  5  g  of  the  sodium  salt  of  niuonaphihylamiine-sulfonlc  acid  and  1.31  g  sodium  nitrite  In  100  mi 
water  is  run  over  a  period  of  30  miiruites  at  3-7*  into  10  ml  hydrochloric  acid  +  100  ml  water:  the  resultant  suspen¬ 
sion  of  diazo  compound  u  stirred  for  another  hours.  The  diazo  compound  (long,  yellow  prisms)  gives,  with  2- 
n£phthoI-3.6-disulfonic  acid,  a  lilac  dye.  with  resorcinol  a  brown  dye,  and  with  2-naphthol-3.6-disulfonic  acid  a 
reddish-brown  dye.  To  the  suspension  at  20*  is  added,  over  an  hour.  8.5  g  calcined  sodium  carbonate.  The  orange 
solution  does  not  couple  with  the  above-mentioned  sulfonic  acids,  but  with  resorcinol  it  forms  a  deep  lilac  dye.  The 
solution,  after  filtering  from  turbidity,  is  acidified  with  25  ml  hydrochloric  acid.  The  precipitated  di?.zonaphthol- 
sxfor.ic  acid  (yellow  pnsms)  is  filtered  and  washed  to  give  3.48  g  (79.?^)  diazo  compound  (64.3^55;  of  the  theoretical 
amount). 

The  above -noted  precipitate  ^  was  only  partly  soluble  in  hot  water.  From  ibe  aqueois  solution  were  separate 
c;j^rless  prisms  of  sodium  salt  of  the  sulfonic  acid.  The  compound  was  free  from  water  of  crystallization  and  contained  8^ 
sodium.  Reduction  with  zinc  and  hydrochloric  acid  converted  u  into  1.2-naphLhylenetliamine-4-sulfoRic  acid.  The 
examination  of  the  subsiaiKe  was  not  completed. 
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p£crY5!s!liZAtioii  of  the  waier*liuoluble  portloc  hfom  methyl  alcohol  gave  a  small  amount  of  mrhthof»««***w 
with  m.p.  78* and  a  substance  with  m.p,  123.5*124.5*.  The  mixture  of  the  substance  with  the  n*phthoftir»»««»  ob« 
ulned  by  oxidation  cf  l,2<flaphthoqulnonedloxlme  with  nitric  acid  (m.p.  124.6-125.5*)  melted  at  124.5-125.5* 

Precipiute  b  was  the  sodium  ult  of  2-aiuo-l-naphthol-4>culfonic  acid. 

2-Nltro-l-naphthol -4 -sulfonic  Acid 

1)  A  solution  of  10  g  sodium  salt  of  nitronaphthylamine'^ulfonic  acid  in  100  ml  14.1^  sodium  carbonate  was 
boiled  for  2  hours.  The  reddish -orange  solution  was  diluted  with  60  ml  water  and  acidified  with  30  ml  hydiochlodc 
acid:  the  precipiuted  sodium  salt  o(  nitronaphthol -sulfonic  acid  was  filtered  and  washed  with  water.  Yield  9.4  g 
or  88.2^  of  the  theoretical. 

2)  To  a  boiling  solution  of  32  g  calcined  sodium  carbonate  In  150  ml  water  was  added,  over  an  hour,  a  aolu- 
tion  of  20.6  g  sodium  salt  of  the  bisulfite  compound  of  luphthofuroxan  in  150  ml  water,  and  the  boiling  was  con¬ 
tinued  for  a  further  2  hours.  In  the  reflux  condenser  separated  needles  of  naphthofurazan.  while  cooling  of  the  mIu- 
tion  brought  out  a  mixture  of  secondary  products  (1.1  g)  containing  the  same  components  as  in  precipitate  a  ob¬ 
tained  during  preparation  of  nitxonaphthylamine-sulfonic  acid.  The  filtrate  from  the  precipiuted  sodium  saltitf 
niirona  phi  hoi  sulfonic  acid  was  filtered  and  washed.  Yield  1”  3  g  (93.3^  of  the  theoretical). 

If  solutions  of  bisulfite  compound  and  sodium  carbonate  are  mixed  at  the  ordinary  temperature  and  then 
heated,  the  yield  of  iiitronaphtholsulfonic  acid  falls  while  the  amount  of  secondary  products  increases. 

The  sodium  salt  is  fairly  soluble  in  watec  from  which  it  crysullizes  as  yellow,  slender  platelets,  difficultly 
soluble  in  alcohol. 

1.0032  g  sii.:  loss  on  d.-yii^  (125*)  0.0598  g.  0.0706  g  dry  sub.:  0.0168gNa^4.  Found  *5^:  Hp  5.96; 

Na  7.70.  Ci,HP,KSN£- Hp.  Calculated*^:  Hp  5.83.  C^^p^NSNa.  Calculated  Na  7.90. 

S-Amino-l-napht hoi -4 -sulfonic  Acid 

A  volution  of  4.4  g  sodium  salt  of  niir..uphtholsulfOiiic  acid  in  150  ml  water  was  boiled  with  a  solu^on  of 
tin  chloride  (150®^  excess)  in  hydrochloric  SLid  lor  20  minutes.  The  precipitate  (long  prisms)  was  filtered  and 
washed.  Yield  3.22  g. 

A  volte  ion  of  the  diazo  compound  gave  a  magenta -red  coloration  with  tesorcinoL 

2,85  g  amino  compound  was  gradually  brought  at  5-10*  into  a  mixture  of  1.3  ml  nitric  acid  (sp.  gr.  1.35)  and 
3  ml  water.  The  mass  was  diluted  with  water  aixJ  lo  the  filtered  solution  vas  added  a  saturated  solution  of  potassium 
chlorAde;  the  precipitated  potas5iu.m  salt  of  l,2-naphthoquinone-4-sulfomc  acid  was  filtered:  yield  2.36  g.  Addition 
of  an  aqueous  solution  of  aniline  to  the  solution  of  potassium  salt  led  to  precipitation  of  l,2-naphthoquinone-4-*nilide. 
The  compound  cryst3llu.c<  from  alconol  in  the  form  of  small  red  needles,  m.p.  257*  (with  decximposition). 

2.4-Dlnltro-l-naphthol 

To  a  solution  of  6  g  ninenaphthoi -sulfonic  acid  in  150  ml  water  was  added  15  ml  nitric  acul  (sp.  gr.  1.35)  and 
the  mixture  gradually  h:^ated  to  the  boil.  The  dinitronaphthol  formed  was  filtered  and  re  precipiuted  from  sodium 
cart;>onaic  solution:  yl^ld  2.48  g.  The  compound  crystallized  from  alcohol  as  yellow  needles,  m.p.  138.5*  (with 
derorn position).  (Formaiicn  of  dinii'onaphthol  is  faciliuted  by  adding  a  small  quantity  of  sodiu.*!!  nitrite  to  the  so- 
liaon  of  nilronaphthol-sulfoii*'*  ^id.) 

2-Miiro-l-naphthol 

A  mlxta'e  of  5  g  nitronaphthol -sulfonic  acid  and  90  g  40^c  sulfuric  acid  was  boiled  for  7  hours.  After  only  30 
minutes  a  sublimate  of  yellow  needles  of  nitronaphthol  had  formed  in  the  upper  part  of  tlie  flask.  The  .Tuxture  was 
diluted  with  water  and  the  nitronaphthol  filtered  off:  yield  2.1  g.  The  compound  was  reprecipitated  from  sodium 
carbonate  solution  and  crysullized  from  methanol.  Long  yellow  prisms,  m.p.  128.5-129*. 

S  UM  MA  RY 

1,  The  rriain  product  of  transformation  of  the  bisulfite  compourxl  of  naphthofuro.xan  in  weak  sodi  m  carborvate 
solution  at  the  ordinary  temperature  or  after  short -period  boiling  is  2-nilio-l-fiaphthj4amine-4-sulfonic  acid. 

2,  Prolonged  boiling  of  me  bisulfite  compound  with  sodium  carbonate  solution  leads  mainly  to  formation  of 
2-nitro-l-fxaphtliol-4-mllonIc  acid. 

3,  Decomposition  of  the  bisulfite  compound  of  naphthofurexan  in  sodium  carbonate  solif  ion  gives,  apart  from 
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2iiiuo>ltupbthyUinlne-4<«tilfoRlc  acid  and  2*<iluo-lma|]httol*4Hiilfoiiic  acid,  imall  amounts  of  naphthofmoxan  aoj 
naphibofnraxaa. 

4.  The  diazo  compound  of  2<<tiuo-l*oaphthyUmine<4<«ulfoaic  acid  Is  tzansfonned  by  the  action  of  sodium  car¬ 
bonate  into  l<liazc>2=napht  hoi  Sulfonic  acid. 
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THE  STRUCTURE  OF 


THE  SULFONIC  ACIDS  OF  2  -  A  M I  NO-4 -M  ETH  Y  LT  HI  A2  OLE 
I.  Y«.  Poitovsky  and  T.  S.  Mamykina 


On  sulfcnatlng  2-«mlno-4-methylihiazole  (I).  Ochiai  and  Nagasawa  [1]  obuined;  depending  on  the  leaction 
conditions,  two  isomeric  acidsf  in  the  cold  they  obtained  an  acid  with  m.p.  256*  (with  decomposition),  while  with 
heating  on  the  water  bath  they  got  an  acid  whose  decomposition  point  was  above  340*.  The  acid  with  ni.p.  256* 
changes  into  the  acid  with  decomposition  point  above  340*  when  heated  with  strong  sulfuric  acid.  This  transition 
of  a  low-melting  sulfonic  acid  Imo  a  high-melting  one  is  analogous  to  the  known  conversion  of  aiylsulfamic  acids 
into  arylaminosulfonlc  acids.  On  this  analogy,  Ochiai  and  Nagasawa  regarded  the  acid  with  m.p.  256*  as  a  sulfamic 
acid  and  the  one  with  m.p.  above  340* as  the  5-sulfonic  acid. 

In  the  pfesent  communication,  we  show  that  this  argument  *by  analogy*  is  fallacious  and  that  in  the  2*«miiK>'' 
thiazole  se.-ies  there  occu.»s  a  characteristic  transition  in  the  reverse  direction  from  the  sulfonic  acid  (ID)  into  the 
sulfamic  acid  (ID. 


h' 

(ni)  ^ 

Ve  reached  this  conclusion  on  the  basis  of  a  repeated  study  of  the  sauLturc  of  the  sulfochloride  and  sulfamldes 
of  2-acetamino-4-methylthia2ole  which  we  had  previously  describee  (IV)  [21 

It  was  shown  at  the  time  that  the  action  of  chlorosulfoaic  acid  on  2-acetamino-^-methylthiazole  (IV)  leads 
smoothly  to  the  sulfochloride  from  which,  by  reaction  wiili  various  amines,  can  be  obtained  a  series  of  sulfamldes. 

In  order  to  establish  the  p'>sixion  of  the  sulfamSdo  group,  the  starting  sulfochloride  was  sidjjected  to  hydrolysis.  This 
gave  an  acid  with  m.p.  263-255*  (with  decomposition)  which,  according  to  (.ichiai  and  l^agasawa,  should  be  regarded 
as  the  sulfamic  acid.  It  was,  therefore,  concluied  that  in  the  c.hJoroeuJfonation  of  2nacetamino-4-methyIihiazoie, 
the  hydrogen  of  the  acetamino  group  is  substuated  and  tliat,  const* c^uently,  the  sulfamides  are  derivatives  of  the  sul¬ 
famic  acid  (II). 

Almost  simultaneously  with  the  publication  of  our  paper  in  which  these  conclusions  were  aiuiounced,  papers 
appeared  by  Backer  and  co-workers  [3,  4]  describing  the  sulfochloride  of  2-eceiainino-4-fnethylxhia7.olc  and  the  sul¬ 
famides  prepared  from  this  suijochloiide.  The  comfvaunds  described  by  Backer  and  co-workers,  as  far  as  can  be 
judged  from  the  meliing  points  cited  in  the  abstract  of  the  paper  [3],  are  identical  with  the  compounds  previously 
prepared  by  us.  But  Backer  a.Td  co-workers  regaided  their  compour<i'  as  derivatives  of  the  sulfonic  acid  (I!U  without 
putting  fotwaid  any  experimental  evidence  in  support  of  this  assumption. 

Two  years  later  a  detailed  paper  was  published  by  Hurd  and  Kharasch  (5)  devoted  to  the  structure  of  the  sul¬ 
fonic  acids  of  Ochiai  and  Nagasawa.  In  ii  the  authors  arrived  at  the  conclusion  that  the  low-melting  acid  with  m.p. 
253*  is  the  sulfamic  acid,  l,e.,  they  supported  the  data  of  Ochiai  and  Nagasawa  foi  the  structure  of  the  sulfonic 
acids  of  2iamiJio-4-ineihylihiazole  and  their  views  on  the  isomerization  of  these  acids. 

AUhoi^h  in  the  paper  of  Hurd  and  Kharasch  no  strict  proof  is  advanced  for  the  structure  of  the  sulfonic  acids 
of  2-Bmino-4-melhylihia2ole,  their  arguments  in  some  measure  confimied  our  conclusion  about  the  structure  of  the 
sulfochloride  and  the  sulfamides  as  de-ivatives  of  the  sulfamic  acids  (Ilj.  Later  Hurd  and  Vichrmastet  [6),  in  a  re- 
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consideration  of  the  stnrture  of  the  lulfochlorlde,  pointed  out  the  correcineai  of  our  conclusions  about  the  stmetiie 
of  the  sulfochloride,  based  on  the  results  of  hydrolysis  of  the  sulfochlotide  to  the  acid  with  m.p.  2o3*.  However,  all 
these  data  conflicted  %rith  the  observations  according  to  which  substliiaions  In  2-eceiyla  mmo-4-fnethylthia2olc  pio* 
cced  easily  in  the  Sisosition  (for  example,  halogetuticn  and  other  reactions)  (1,  71 

For  these  reasons,  a  nuinbe'  of  authors  still  consider  the  question  of  the  struaure  of  the  sulfochloride  to  be  an 
open  one  (81 

For  tiie  purpk/se  of  verifying  our  conclusions  about  the  structure  of  the  sulfochloride  prepared  by  the  action  of 
chlorosulfonic  acid  on  2-acetamino-4-methyUhiazole,  we  thought  it  would  be  expedient  to  carry  out  the  reverse  con¬ 
version  of  the  acid  with  in.p.  253*.  prepared  by  Hurd  and  Kharasch.  iiuo  the  sulfochloride. 

The  acid  with  m.p.  253*.  prepared  (according  to  Kurd  and  Kharasch)  by  the  action  of  strong  sulfuric  acid  on 
free  2*«mino-4^ethylthiazole  in  dichloxoethane  solution,  was  convened  into  the  sodium  salt  and  acetylated  by 
heating  with  acetic  anhydride.  Reaction  of  the  acetyl  derivative  with  PClggave  an  acid  chloride  whose  properties 
and  melting  point  (mixed  test)  proved  to  be  Identical  with  those  of  the  sulfochloride  obuined  by  us  by  direct  chloro- 
sulfonation  of  the  acetyl  derivative  of  amine  (IV).  In  this  manner  the  circle  was  completed,  to  to  speak,  of  the 
transforms  lions,  which  confirmed  our  previously  enunciated  conclusions  on  the  structure  of  the  sulfochloride. 

Nevertheless,  as  we  shall  tee  later,  in  these  conclusions  resides  an  error  which  could  only  be  revealed  in  the 
course  of  another  investigation,  in  which  it  was  required  to  synthesize  5<hloro-substituted  derivatives  of  the  type  of 
(V). 
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!r.  Older  to  obtain  the  starting  materia!  for  the  synthesis  ot  these  compounds,  i.c,,  the  chloro‘4 instituted  sulfo- 
chioride,  we  followed  the  method  indicated  in  our  pteceding  communication:  action  of  chlorosulfonic  acid  on 
2-acetamino-4-fnctl.jrl-5-chlorothjazolc.  To  our  suiprise,  this  compourid  did  not  enter  into  reaction  with  chlorosulfon¬ 
ic  acid.  The  5-bromo- denvative  proved  to  be  equally  inert  to  chlorosulfonic  acid.  We,  therefore,  tried  to  prepare 
the  requited  halogen  detiv'ative  (V)  by  halogenating  the  sulfochloride  of  2-acetamino-4'inethylthiazole.  However, 
the  action  of  bromine  in  chloroform  solution  on  the  sulfochloride  failed  to  give  the  anticipated  bromo  derivative  and 
the  sulfochloride  was  recovered  unchanged.  By  contrast,  in  the  same  conditions  2*ecetamiDo-4*methylthiazole,  Le., 
a  compound  without  a  substituem  in  the  S-posiiion,  is  smoothly  brominated  with  formation  of  the  corresponding  5- 
bromo  uerivative. 


All  this  led  up  to  the  idea  that,  contrary  to  former  conclusions,  in  the  chlorosulfonation  of  2<cetamln0'4- 
meihyltkiazole  it  Is  not  the  hydrogen  of  the  aceiamino  group  bu:  the  hydrogen  in  the  5*posiiioo  in  the  ring  which  is 
sabsatuted.  Only  thus  can  we  account  for  the  failure  to  realize  the  halogenation  of  the  sulfochloride  or  the  sulfochlor- 
in^^tion  of  5-halogen -substituted  derivatives. 

The  following  experiments  provided  further  proof  of  the  accuracy  of  this  conclislon. 

The  action  of  ethylanilin^.  or.  the  sulfochloride  of  2-acctamino-4-methylthiazole  gave  a  disubstituied  sulfam- 
idc.  If  the  sulfochloride  group  is  in  the  S-posiiion.  then  reaction  with  cthylanilire  must  give  the  amide  of  Structure 

(VI).  bir  if  the  sulfochloride  jjroup  was  located  at  the  amino  group,  then  a  product  of  structure  (VU)  should  have  been 
formed. 
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The  substance  with  structure  (VI)  contains  the  aceumino  group  and  should,  therefore,  like  2-#0euroL'io-4-mc- 
tbylthiazole  (IV),  be  soluble  in  caustic  alkali  and  should  be  susceptible  to  methylation  with  dimethyl  sulfate.  Bit 
if  the  substance  had  structure  (VH).  then  it  should  not  dissolve  in  alkali  and  should  not  be  methylated  by  dimethyl 
sulfate.  Experiment  showed  that  the  disubstituted  amide  is  readily  soluble  in  caustic  alkali  and  is  smoothly  methyl* 
ated  by  dimethyl  sulfate  with  formation  in  good  yield  of  a  product  to  which  the  structure  of  (VUD  or  (Vma)  can  be 
ascribed.  Consequently,  we  must  assign  structure  (VO  to  the  starting  substance. 


Structure  (VO  for  the  disubstituied  amide  is  also  confirmed  by  the  fact  that  the  product  reaco  with  CH,MgI, 
and  on  analysis  by  the  Chugaev-Tserevitinov  method  loses  1  mole  methane  per  mole  of  substance;  product  (VTTi) 
naturally  cannot  react  with  an  orga nomagnesium  compound. 


These  observations  were  further  strengthened  by  the  determination  of  the  active  hydrogen  content  by  the 
Chugaev-Tserevitinov  method  in  the  starting  substance  — 2-«cetamtio-4-methylihiazole  (IV)  —as  well  as  in  the  dime- 
tbylsulfamide  (IX)  and  the  sulfanilide  (X)  prepared  from  the  sulfochloride.  One  active  hydrogen  was  detected  in2- 
aceumfio  -4-inethylthiazole  (IV),  and  Uu;  same  in  the  dimcihybulfamide  (IX).  thereby  confirming  their  structure. 
The  anilide  was  found,  in  agreemem  with  structure  (X).  to  have  two  active  hydrogens.  If  the  anilide  had  possessed 
structure  (XI).  then  it  would  have  contaLned  only  one  active  hydrogen. 
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In  the  light  of  all  the  foregoing  facts,  we  can  confidently  conclude  that  in  the  sulfamides  of  2-ecetamino- 
4-n';e!hylthia2ole  and  corresporidingly  in  the  sulfamides  of  2-ficetaminoihiazole,  tne  sulfamide  group  is  in  the  5-posi¬ 
tion  of  the  thiazole  ring.  It,  therefore,  follows  that  also  in  the  starting  sulfochloride  of  2-ecetamino-4-rneihylthia- 
zo]t,  the  SO^I  group  is  in  the  same  position,  i.e.,  the  sulfochloride  is  a  derivative  of  the  sulfonic  acid  (III)  and  has 
structure  (XU/. 

At  the  start  of  the  paper  it  was  indicated  that  on  hydrolysis  the  s'llfochloiide  changes  into  the  acid  with  m..p. 
253*10  which  Ochiai  and  Nagasawa  [l]and  later  Hurd  and  Kharasch  [6]  assigned  the  structure  of  the  sulfamic  acid 
(n).  These  conclusions  were  based  mainly  on  the  fact  that  the  acid  with  m.p.  253*  rearranges  to  the  higher  melting 
*eid. which  they  assumed  to  be  the  sulfonic  acid.  In  explanation  of  this  phenomenon  of  rearrangement  in  the  2-ami- 
nothiazole  series,  an  analogy  was  mechanically  drawn  with  the  known  reanangement  of  benzene  sulfamic  acid  into 
sulfanilic  acid. 

Since  it  has  now  been  shown  that  the  sulfochloride  has  structure  (XII).  it  follows  that  the  ccid  dciived  from  it 
'^hh  m.p.  263*  is  the  sulfonic  acid  (III);  consequenUy,  the  acid  into  which  compound  (III)  changes  when  heated  with 
strong  sulfuric  acid  must  be  regarded  as  the  sulfamic  acid  (10. 
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Thtt  lYie  of  onu«i.I  ..«..ogomont  of  .  .lilfoolc  .eld  loio  .  ..If.mle  .cid  U  here  eocounieted  to  ^  flm 
time,  k  it  evidenUy  assocUicd.  hwc  in  the  2-emlnothlazole  seiies.  with  tJie  chawctcrUtlc  nruciwe  of  the  sulfamic 

acid  (ID. 

For  this  acid  we  can  postulate  a  structure  with  an  ir.:ramolecular  hydrogen  bond  (XIH)  which  strengthens  the 
molecules  if  this  is  correct,  the  possibiUty  of  uansiiion  from  sulfonic  acid  (in)  into  sulfamic  acid  (XllI)  becomes 
oixietsundable: 
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The  ccnclisions  drawn  in  this  paper  about  the  structure  of  the  sulfochlorule  and  the  products  derived  from  it 
have  been  confirmed  by  the  infrared  spectra  of  the  compounds  here  desenbed. 

EXPERIMENTA  L 
(With  participation  of  V.  V.  Kushkiiu) 

Preparation  of  Lov-Meltinti  Sullonic  Acid  (111) 

According  to  Hi--d  and  Kharasch  [5]  the  low-melting  acid  with  m,p.  256*  (with  decomposition)  is  obtained  by 
adding  chloiosulfonic  aerd  to  2-arr.ino-4-meihylthia2olc  in  carbon  tetrachloride  solution.  The  yield  of  recrysullized 
acid  by  this  method  is  about  40*?;.  A  hener  yield  ar.d  an  immediately  pure  acid  can  be  obtained  If  the  solution  ol 
amine  in  carbon  tetrachloride  it  added  ir  the  chlotosuUonic  acid. 

17.5  g  (0.15  mole)  2-arr.ijic-4-methylthiazole  was  dissolved  in  75  ml  freshly  distilled  carbon  ‘eirachioriae. 

The  amine  solunon.  »»as  added  diopwise.  wiiu  good  stirring  and  cooling  ov.r  a  period  of  3  houn,  to  22  ml  (0.3nr»olc) 
chiOiOSiJfor.lc  acid.  Much  hydrogen  chloride  was  evolved  during  the  reaction.  The  temperature  was  ”12*  at  the 
start  of  the  reaction  and  -»•  14*  at  the  end.  After  addition  of  the  whole  of  the  amine,  the  mixture  was  poured  on  to 
ice.  The  white  crystaliine  precipitate  was  filtered,  washed  with  water  and  dried  on  a  water  bath.  Yield  23  g  sul¬ 
fonic  acid  of  ilic  theoretical).  Mp  253-255*  (with  decomposition  I,**  After  recrysullizatiun  from  ten  times 
the  quantity  of  water,  rectangular  prisms  were  obtained:  ni.p.  unchanged. 

The  same  acid  was  prepared  by  Ochiai  and  Nagasawa  [1]  by  the  action  of  strong  sulfuric  acid  with  cooling  on 
2-emino-4-methylthiazole,  and  also  by  hydrolysis  of  the  sulfochloride  (XU)  [2]. 

Preparation  of  High-Boiling  Acid  (II)  (Sulfamic  Acid) 

To  30  ml  strong  sulfuric  acid  in  a  rourx^ -bottomed  flask  was  gradually  added,  with  cooling.  20  g  freshly  dis¬ 
tilled  2-«miru)-4-me»hylthiazole.  The  solution  was  heated  at  150-165*on  an  oil  ballt  for  5  hours.  The  mixture  was 
then  cooled  to  40-50*  and  run  in  a  fine  stream  with  stirring  into  iced  water.  The  brown  precipiiate  was  drained, 
washed  with  water  and  dried  In  the  air.  Yield  26  g  (76*70.  The  acid  was  recrystallized  from  650  ml  water  with 
addition  of  active  carbon.  The  colorless,  large,  polyhedral  prisms  did  not  melt  when  heated  to  350*. 

Formationof  the  Acid  Chloride  from  the  Low-Melting  Acid 

9.4  g  (0,1  mole)  Ipw-meliing  sulfonic  acid  (m.p.  254-256*)  was  added  in  the  cold  to  a  solution  of  0,4  g  (0.1 
mole)  .NaOH  in  15  ml  water.  The  solution  was  evaporated  to  dryness  in  a  beaker  on  a  water  bath.  Thesaltwas 
recrystallized  fiom  a  little  water. 

To  7, 7  g  sodium  salt  (aboii  0,03  mole)  in  a  round -bottomed  flask,  fined  with  an  air  condenser,  was  added  17 
ml  acetic  anhydride,  and  the  mixture  heated  at  the  boil  for  2  hours.  The  contents  of  the  flask  were  then  cooled,  and 
the  precipitate  was  filtered,  thoroughly  washed  with  ether  and  dried  on  a  water  bath  (yield  8.8  g).  The  acetyl  deri¬ 
vative  of  the  sulfonic  acid  was  stirred  with  16  g  PClj  (about  0.06  mole),  the  mixture  was  thoroughly  triturated  and 


Another  possibility  is  the  polar,  betaine  structure  (Xnia).  The  problem  of  the  unusual  structure  of  the  sulfamic 
acid  may  be  finally  clarified  by  determination  of  the  dipole  moments  of  the  sulfonic  acids. 

*  *  Without  correction. 
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then  iiinsf erred  to  a  small  round -bottomed  flask,  fitted  with  a  reflux  corelensei,  and  heated  for  2-2*4  hours  oo  a 
water  bath.  The  mixture  was  gradually  diluted  during  this  process.  After  the  conclusion  of  the  reaction  and  cooling 
of  the  reaction  mixture,  ice  was  added  to  it.  The  curdy  yellow  product  was  filtered  off,  washed  with  cold  water 
and  dried  in  tne  air,  M.p.  134“!^  .  Two  recrystallizations  from  trichloroethylene  gave  1,2  g  colorless  needles 
with  m.p.  156-157  .  A  mixed  sample  with  the  sulfochloride  prepared  by  the  action  of  chlorosulfonic  acid  on  24cet- 
amino  ^’inethylthiazole  melted  without  depression. 

The  same  sulfochloride  with  m.p.  156*  was  obtained  by  the  action  of  chlorosulfonic  acid  oo  the  sodium  salt 
of  the  acetyl  detlvatlve.  The  yield,  however,  was  low  (8.8  g  salt  gave  0.9  g  sulfochloride). 

Determination  of  Active  Hydrogen  in  2-Acetamlno-4-.methylthia2ole 

The  investigated  sulfamldes  are  poorly  soluble  in  anisole  and  amyl  ether,  but  teadily  soluble  in  pyridine:  alt 
the  active  hy^ogen  determinations  were,  therefore,  performed  in  i^ridine  solution. 

The  following  method  was  found  convenient  for  the  preparation  of  substantially  perfectly  dry  pyridine.  After 
drying  the  pyridine  by  the  usual  iretloxl  (disUUation  over  KOH),  it  was  transferred  to  a  distilling  flask  and  methyl- 
magnesium  iodide  in  anisole  was  added  until  biitbles  of  methane  ceased  to  come  off;  then  a  small  additional  amount 
of  methyl  magnesium  iodide  was  added  and  the  pyridine  distilled  into  a  receiver  provided  with  means  for  excluding 
atmospheric  moisture.  The  pyridine  so  prepared  did  not  cause  methane  evolution  in  a  blank  test  with  oeganomagne- 
sium  compound. 

Q1385g'ub,:  23.2  ml  CH4(24*  740  mm).  0.2658  g  sub.:  50.8  ml  CH4(24*,  741  mm).  Found  active  hydro¬ 
gen  (Chugaev-Tserevitinov  method);  1.07,  1.19.  CjHjQNjS.  Active  hyd-'Ogen  calculated;  1.00, 

2-Acet  amino -4 -m  ethyl-5 -thiazolesulfone-N-ethylanil  id  e  (VI) 

2.5  g  (0.01  mole)  2-ecetamirvo-4-meihyl-5<hiaz».'.lylsulfenyl  chloride  was  gradually  run  at  room  temperature 
viiih  stLrring  into  a  solution  of  1.2  g  (0.01  mole)  eihylaniline  in  5  ml  dry  pyridine.  The  ml.'rture,  after  standing  for 
24  hours,  was  poured  into  lOQ  ml  cold  water.  ITie  lighi -yellow  product  was  filtered,  well  washed  with  water  and 
dried  in  the  ait.  Yield  3  g  (91^):  m.p,  187-189".  Recrysiallizaru.-n  from  aqueous  alcohol  (1: 1)  gave  2.6  g  colorless 
priens;  m.p.  188-189". 

2.90C  mg  sub.:  0.328  ml  Nj  (22*.  726  mm).  4.090  mg  sub.:  0.4c5  nrd  Nj  (23*  726  mm).  0.1053  g  sub.: 

7.2  ml  CH4(2C"  736  mm).  0. 1081  g  sub.:  7,6  ml  CH4(24*,  741  mm).  Found  N  12.52.  12.54;  active  hy¬ 
drogen  content  (Chugaev-Tserevtti.'wv)  0.93.  0,95.  Calculated  *5^;  N  12.39;  active  hydrogen 

content  1,09. 


Methylation  of  Compound  (VI) 

I. 7  g  (0.005  iixile)  substance  (VI)  was  methylated  in  1  N  NaOH  solution  with  dimethyl  sulfate  (2,5  ml).  The 
product  which  separated  on  standing  was  filtered,  washed  witii  water,  dried  in  the  air  and  recrystallited  from  35  ml 
dilute  alcohol  (1:1).  Yield  1.3  g  (74'9o);  m.p.  128-129*.  .Nio  change  in  m.p.  after  a  second  recrystallizaiion.  When 
tne  solution  is  cooled  rapidly,  the  product  crystallizes  in  rhombic  form;  on  slow  cooling  it  forms  needles.  The  pro¬ 
duct  does  not  react  with  CHjMgL  i.c„  it  does  not  contain  active  hydrogen. 

4.610  mg  sub.;  0.496  ml  N,  (20*,  726  mm).  5.390  mg  sub.:  0.557  ml  N,(19*.  726  mm).  Found  N  11.95, 

II. 63.  CjjHiPiNjS^  Calculated;  N  11.89. 

2-Ac  etamlno-4-methyl-5-ihiazole5ulfone-dimeihylamide  (IX) 

5.6  g  (0.02  mole)  sulfochloride  (XII)  was  dissolved  in  10  ml  dry  pyridine.  Through  the  solution,  externally 
cooled  with  ice.  was  passed  a  steady  stream  of  dimethylamine  prepared  by  decomposition  of  dlmethylamine  hydro¬ 
chloride  with  alkali md  dryirgover  KOH.  After  sai'iraiion  with  dimethylamine,  the  solution  was  diluted  with  100 
ml  water  and  then  acidified  with  acetic  acid  to  separate  the  amide.  Yield  4.9  g  (93^?).  M.p.  242-243  .  Recrystal- 
Itzation  from  dilute  alcohol  (1: 1)  gave  colorless  leaflets  with  the  same  melting  point. 

Analysis  for  nitrogen  by  Pregl's  method  gave  results  1'?’  too  low.  Correct  results  were  obtained  in  Kjcldahl 
analyses  (semimicro). 

0.0410  g  sub.;  4.76  ml  0.1  N  HjSO^.  0.0394  g  sub.:  4.53  ml  0.1  N  HJSO4.  0.0385  g  sub.:  4.43  ml  0.1  N 

HjSO^.  0.14C3gsub.:  13,2  ml  CH*  (17*.  729  mm).  0.1819gsub.:  16.8  ml  CII4  (17*.  732  mm)  Found 

N  16.25,  16.09.  16.10;  active  hydrogen  content  (Chugaev-Tserevitinov)  0.99,  0.96.  C,H,p,NiS^  Calcula¬ 
ted^:  N  15.96:  active  hydrogen  LOO, 


SUMMARY 


>•*<«'  1- 

1.  It  Is  shown  that  tlic  action  of  chloroiulfonlc  acid  on  2-«ceumino-4-raethyUhiaxole  gives  2<«ceumino^ 
methylthlazole-^Hiilfochloride  (XII).  Hydrolysis  of  the  sulfochlorlde  gives  a  sulfonic  arid  with  m.p.  253*2S6*.  The 
ttroctuie  of  a  suliamic  acid  attributed  to  this  acid  by  CX;hial,  Hurd  and  other  authors  Is  eirooeoM. 

2.  The  observed  transfocmation.  on  heating  with  strong  sulfuric  acid,  of  the  acid  with  nup.  25S4S6*liito  an 
acid  with  decomposition  temperature  above  340*  mua  be  regarded  as  an  unusual  cate  of  transformation  of  a  sulfonic 
acid  (no  into  a  sulfamic  acid  (0)  pcuesslng  the  characteristic  stricture  (Xm)  or  (XlUa). 
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PREPARATION  AND  PROPERTIES 


OF  l.S-DIHYDROXYETHYLTETRAHYDRO-l.a-DIAZINE  AND  2-PHENYLOXAZOLIDINE 


K.  D.  Petrov,  E.  S.  Lagucheva  and  V.  I.  Pukhova 


In  a  paper  published  in  1949,  Pa  quin  [1]  states  that  cihanolamine  reacu  with  formaldehyde  to  form  l.S,5-<ii* 
h)fdroxyethylhexahydro-l,3k5-iriazine.  Accotding  tc  jur  own  observations,  however,  this  reaction  proceeds  with 
formation  of  l,3<lihydroxyethyltetrahydro-1.3^iazine  (n)  (see  PJ).  In  agreement  wuh  the  experimental  data  the 
reaction  ot  ethanolamlne  wuh  formaldehyde  may  be  represeiued  by  the  following  equation: 

2HjO 

•^HOCH^HjNH,  +  2CHP  2[HOCH,CH,NHCHpH]  =5=^  2HOCH^H,N  =  CH, 


HOCH^H,-N<'  ^-CHjCHpH 
*  (ID 


(1) 


Experiments  show  that  mis  reaction  -s  best  performad  in  benzene,  the  water  be  mg  eliminated  from  the 
inhere  of  reaction  with  the  solvent.  This  facihutes  the  left-to-righi  course  of  reaction  (li  and  the  formaucn  of 
the  dthydroxyethyldiazine  ip  a  purer  form. 

The  dihydro xyethyldiazine  has  the  appearance  of  a  viscous,  colorless  oil,  n  ^  1  5132.  On  heating  followed 
by  diitillation,  it  changes  mio  a  readily  mobile  liquid  with  n”  1.4740,  On  standing,  however,  this  liquid  again 
quickly  changes  into  the  dihydroxyethyldiazine.  It  is  imereaing  to  ncte  that  the  process  of  cansformation  of  the 
liquid  into  the  dihydroxyethyldiazine  sometimes  proceeds  so  energetically  that  the  temperature  rises  to  70-90* 
Concerning  the  struct  me  of  the  liquid,  this  could  not  be  established  by  a  direct  method.due  to  its  inaability.  It 
ii  extremely  probable,  however,  that  it  is  methyleneethanolamlne  (!,'  whose  formation  from  the  dihydroxyethyl¬ 
diazine  (lU  proceeds  according  to  equation  (2) 


hoch,ch,-n<;^ 


CH 


*\  on  heating 

^N-CH^CH^H  - - 


CH^ 

(H) 

This  ts  clear  from  the  following  fact.  On  at 
and  attempting  to  distil  the  product  of  acetylation 
derivative  of  the  dihydroxyethyldiazine  (IIIl  the  ar 
tase  of  the  acetate  of  meihyleneeihanolamine  can 
hydroxydieihyldiazine  to  form  the  diaceiate  of  the 
however,  (HI)  depolymexizet  with  formation  of  the 
equation  (3) 


sporuaneous  formauon 


2HOCHiCH,-N  =CH, 


(I) 


(2) 


ctylaiipg  the  dihydroxydiethyldiazlne  with  acetic  anhydride 
in  vseuatn.  we  obtained  in  place  of  the  expected  diaceiyl 
etate  of  methyleneethanolamlne  (IV).  The  formation  in  this 
he  explained  as  follows.  Acetic  anhydride  first  acts  on  the  di- 
dihyd.’oxyeihyldlazinc  (HI).  In  the  course  of  the  distillation, 
aceuie  of  meihyleneethanolamine  (IV)  as  represenied  by 


ch,coch/:h,-n<'  ■  \n-ch/:h/x:ch,- 


'CH, 

(III) 


2CH,  =  .NCHiCHpCCH, 

(H/) 


(3) 


Formation  of  methyleneethanolamlne  aceuie  (IV)  was  confirmed  by  analytU  for  niuogen  and  molecular 
weight  determination.  Apart  from  thia,  we  prepared  for  comparison  the  same  acetate  by  another  icice  (4) 


O  <j> 

NH^H^HpicH,  [HOCH,NHCH/:HpCCH,]-=^i^  CH, 


11 


NCH/nipCCH| 

(IV) 


(4) 


Methylenrethanolamine  acetate  prepared  by  route  (4)  corresponded  in  boiling  point,  specific  gravity  and 
refractive  index  to  the  product  (IV)  obuined  in  the  process  of  dlstUlatlon  (heating)  of  the  dUcetaie  of  the  dihy- 
droxyethyldiazine  (HI).  It  was  thus  proved  that  the  product  of  dc polymerization  of  the  diaceute  of  the  dthydroxy 
ethyldiazlne  is  undoubtedly  methyleneethanolamine  aceute.  At  the  same  time  it  was  confirmed  that  ^e  above 
scheme  (2)  for  rransiiion  of  the  dihydioxyeihyldiazine  itself  into  meth^'leneethanolamine  corresponds  to  the  facts.* 

Subsequently,  we  studied  the  reaction  of  the  dihydroxyethyidiazine  with  B-hydtoxypropylanlUnc.vrhen  it  was 
observed  that,  when  performing  the  reaction  in  non-anhydroin  alcohol,  ethanolamine  and  S-methyl-S-jAenyloxazol* 
idine  were  formed.  It  goes  without  saying  that  the  formation  of  these  compounds  is  bound  up  with  the  conversion 
of  the  dihydroxyethyidiazine  into  ethanolamine  and  formaldehyde;  we  actually  Isolated  the  eihanolamlne  in  die 
free  sutc.  The  formaldehyde  formed  in  these  conditions  reacts  in  known  nunner  [3]  with  6-hydtoxypropylaniline 
to  form  5-niethyl-3-phenyloxazolidine. 

Concerning  the  mechanism  of  transformation  of  the  dihydrcryetliyldlazlnc  into  ethanolamine  and  formal¬ 
dehyde,  this  is  self-evident.  The  process  is  the  reverse  of  the  formation  of  the  dihydtoxyethyldiazine  from  ethan¬ 
olamine  and  formaldehyde,  as  indicated  by  the  righto-left  arrow  in  equation  (1). 

In  this  investigation  we  also  studied  the  action  of  £-hyd;oxypiopylaniline  on  2-phenyloxazolidine.  It  was 
established  ihat  in  alcoholic  solution  ethanolamine  is  also  displaced  from  2-phenyloxazolidlne.  The  mechanism 
of  the  process  proved  to  be  similar  to  that  of  the  preceding  ene.  i.e.,  to  the  transformations  of  the  dihydroxy- 
ethyldiazine  which  the  latter  undergoes  when  acted  upon  by  B  -faydroxypropylaniline,  as  shown  by  the  following 
schemes  (5.  6) 

O 

CH,CH,KHCH<  >  ^och,ch,i;hchoh  • 


•HOCHjCHjNH, 


<31-. 

N ^  (5) 


The  benzaldehj'de  formed  then  reacts  with  B-hydroxypropylaniline  to  give  5'[nethyl-2.3<diphenyloxazolidine  (V) 


(6) 


This  observation  Is  of  interest  since  it  illustrates  some  general  properties  of  dihydroxyethyidiazine  with 
oxazolidine  derivatives:  hydrolysis,  formation  of  the  same  type  of  intermediate  compounds  (methyloleihanol- 
a mines)  and  cleavage  of  the  latter  into  aminoalcohols  and  aldehydes. 

•Paquin  consiuw.-s  that  the  1.3,5-tr:hydroxycihylhexahydro-l,3.6-iriazine  described  by  him  depolymerizes  on 
heatmg  with  formation  of  the  oxazolidine.  The  author  did  not,  however,  establish  the  formation  of  the  ozazoU- 
ine,  nor.  strictly  speaking,  did  he  demonstrate  the  formation  of  the  l,3.5<rihydroxyeihylhexahydro-l,3,5-tri- 
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EXPERIMENTAL* 


^-T  Vn^^i  iV 


1.  Preparitlon  of  1. 3-Dlhyd roxy ethyltetrahydro -1. 3-dUxlne  (11) 

Iflio  a  ihrce^iecked  flaik,  fitted  with  stlnet,  leflux  condenset  and  watet  trap,  were  charged  122  g  (2  moles) 
ethanolamlne  and  140  ml  benzene.  From  a  dtopplng  funnel  was  gradually  run  in,  with  stirring.  163  g  (36.70^)  for¬ 
maldehyde  (approximately  2  moles  CHjO).  At  flnt  the  reaction  proceeded  spontaneously  with  evolution  of  heat; 
latet  the  reaction  mixture  was  heated  oo  a  bath  to  the  boll.  Water  was  removed  from  the  sphere  of  teaction  with 
the  benzene  vapor  and  collected  in  the  uap.  The  process  was  continued  until  watet  ceased  to  come  off.  At  the  * 
conclusion  of  the  process,  the  teaction  mast  was  fractionated  in  vacuum.  Benzene  and  other  volatiles  (traces)  were 
taken  off  in  a  low  vacuum.  An  imermedlate  fraction  came  over  at  60-92*  and  6  mm  in  the  fonn  of  a  readily 
mobile  colorless  liquid,  22  g.  On  sunding.  this  liquid  changed  into  a  viscous  oil  whose  refractive  index  (n^  1.5L.^ 
was  close  to  that  of  the  dihydroxyethyldiazlne.  The  main  fraction  came  over  at  92-97*  and  6-6  mm  and  was  a 
readily  mobile,  colorless  liquid  -‘vnethylensethanolamlne  (D.  Yield  88  g  (60.28^).  It  wav  redistilled  for  further 
purification  to  give  a  narrower  cut  with  boiling  range  94-97*  at  6  mm,  48  g:  n^  1.4740.  After  brief  standing  this 
liquid  chairged  (with  heat  development)  into  a  viscous,  colorless  oil  whose  nitrogen  contem  and  molecular  weight 
corresponded  to  l,3-dihydrcxyethyltetrahydro-1.3>diazine  (II);  numerous  observarions  show  that  the  change  of  methyl- 
eneethanolamine  into  the  dihydroxyethyldiazlne  is  substantially  completed  after  6-10  hours.  In  the  ait  the  dihydiexy- 
ethyldiazine  absorbs  an  appreciable  amount  of  carbon  dioxide. 

dg  1.1787;  n^  1.5192;  MRp  38.30;  Calc.  3b.63. 

1.1233  g  sdbsiance:  151.32  ml  0.1  N  HjSO^.  1.3158  g  substance;  176.66  ml  0.1  N  H^4.  0.3200  g  ssi>- 

sunce:  34.98  gWatei:  At  0.115*.  0.3407  g  substance:  35.14  g  water:  At  0.12*.  Found  N  18.85,  18.79: 

M  147.14,  149.47.  Calculated*^:  N  19.13,  M  146. 

We  also  performed  the  reaction  of  ethanolamlne  with  formaldehyde  in'the  cenditions  described  by  Paquin 
[IJ.  i.e.,  without  removing  the  water  from  the  sf«ere  of  reaction.  The  dUiydroxyeihyldiazine  was  tljen  obtained  in 
an  insufficiently  pure  form  and  we  were  unable  to  purify  it  bv  repeated  fractional io.as.  The  cihydroxvethyidiazine 
obtained  by  this  method  had  the  following  corutams; 

dg  1.1846;  n^  1.5136. 

0.4259  g  sr*stance;  0.7933  g  CO^  0.380.*:  g  H,0.  1.1635  g  substance:  146.60  mi  C.l  N  KjSC)^.  1.5664g 

tubstarxe;  194.60  ml  0.1  N  H^4.  0.2260  g  substance;  32.32  g  water:  At  0.09*.  0.2409  g  substattce; 

37.17  g  water:  At  0.085*.  Found  ‘jb:  C  60.83;  H  9.99:  N  17  54.  17.49;  M  143.  141.  Calcu¬ 

lated  C  49.39;  H  9.59;  N  19.13;  M  146. 


2.  Acetylation  of  1 , 3-Dihy  d  to  x  y  e  ih  y  It  et  r  a ‘t  yd  to -1 . 3-d  i  a  z  ine 

To  219  g  (1,5  moles)  l,3-dihydroxyethyliet^aljydro-l,3-d'azine  was  gradually  added  from  a  dropping  fuimel 
459  g  (4.5  moles)  acetic  anhydride.  After  the  whole  aiTiOunt  had  been  added,  the  reaction  mixture  was  heated  for 
8  hours  at  95-100*.  At  the  conclusion  of  the  reai-iion,  the  excess  anhydride  was  distilled  off  on  an  oil  bath  under 
vacuum;  the  mixture  was  then  heated  with  85  ml  water  and  neutralized  witii  saturated  sodiur.n  carbonate  solution. 
The  picxJuci  was  repeatedly  extracted  from  the  aqueous  solution  w'lh  bu^arxl  and  ether  in  the  ratio  of  1: 1  by  vol¬ 
ume.  The  extracts  were  collected  together  and  distilled.  The  solvent  came  over  first:  the  ether  was  taken  off  at 
normal  pressure  and  the  butanol  under  low  vacuum.  Ftactionatiou  of  the  residue  gave  a  main  fraction  at  107-109 
and  7  mm  weighing  116  g.  This  product  was  a  leaaily  rixiblle,  colorless  liquid.  In  nitrogen  content  and  molecular 
weight  it  corresponded  to  the  acetate  of  meihyleneeihanolamine  (IV*);  b.p.  224-225*  at  756  mm. 


dg  1.1474:  n**  1.4758;  MR^  28.30;  Calc.  28.64  (wiihom  allowance  tor  the  double  bond  of  CH2 
value  is  not  given  in  the  literature).  0.3710  gsuh..  31.16  ml  0.1  N  HjSO^  1  0173gsub..  ^  ‘ 

0  9325  g$ub.:  36.96  gwaier:  At  0.405*  1  5793  gsub.T  36  9=p  water*  At  •  71*  Found  N  11 


=  N,  whose 
0. 1  N  H^50 
75.  11.42; 


4- 


M  115.  111.5.  CjMjOjN.  Calculated  N  12.*'.;  M  US. 


^  Preparation  of  Acetate  cf  Methylsneeihanolamine  (IV) 

£10 in  £-Acetoxyethylamine  and  Paraformaldehyde  _ 

Into  a  flask,  fitted  with  stirrer,  reflux  condenser  and  trap,  were  charged  51.5  g  (0.5  mole)  e^ceioxyethyl- 
amlne,  prepared  by  the  method  of  Oane  and  Rydon  [41  16.6  g  paraformaldehyde  (0.55  mole  CHp).  100  ml 

•The  molecular  weights  given  in  this  paper  were  determined  by  A.  L  Cherborovskaya,  10  whom  we  express  oui 
thanks. 


benzene  and  5  mi  hydrocWoric  acld(fi.  gtl.l9).  The  leactioa  was  perfonned  with  heating  and  cCTilnuous  ttlnlng. 

The  water  formed  during  the  reaction  was  entrained  by  the  benzene  and  collected  in  the  uap.  The  ptocen  wu 
continued  until  water  ceased  to  corue  off  (10  ml  was  collected  iu  all).  At  the  end  of  the  procea,  the  product  was 
neutralized  with  sodium  carbonate  solution,  extracted  with  butanol  and  fractionated  In  vacuum.  The  methylene- 
ethanolamine  aceuic  fraction  was  collected  at  100-105*  and  7-6  mm  In  amount  of  30  g.  For  further  purification 
it  was  rediftUled  to  give  a  product  with  b.p,  103-104* at  6  mna.  14  g.  ReadUy  mobile  liquid  with  b.p.  224-226* 
at  761  nun. 

d2  1.1485:  n5  1.4762;  MR^  28.29;  Calc.  28.64. 

0  bOOl  g  sii)sunce;  68.95  ml  0.1  N  H,S04.  0.7368  g  subsunce;  62.80  ml  0.1  N  HjSO^  0.8606  g  aub- 

swnce;  34.88  g  waters  At  0.42*.  Found  lb;  N  12.06,  11.94;  M  108.67.  C^,K.  Calculated  5»;  N  12.17: 

M  115. 

4.  Interaction  of  1.3-Dlhydroxvethvltetrahydro-1.3-diazine 
with  B -Hydroxypropylanlllne 

In  a  flask  with  a  ground-glass  stopper  were  placed  72.8  g  (0.498  mole)  l,3-dlhydroxyethyltetrahydro-l,3^- 
azlne,  120.8  g  (0.8  mole)  6  4iyd  roxypropylanillne  with  b.p.  132-133*  at  3  mm  (n^  1.5620)  and  50  ml  ethyl  alcohol 
(not  anhydrous).  The  reaction  was  conducted  at  room  temperature  for  8  hours.  From  time  to  time  the  mixture  was 
shaken.  Tlie  alcohol  was  distilled  off  on  the  boiling  water  bath  when  the  reaction  was  concluded.  The  residue  was 
distilled  in  vacuum  through  the  column  described  by  Kazansky  and  co-workers,  fitted  with  a  Whitmo^’e-Luker  con¬ 
denser  and  Fenske  packing.  The  following  fractions  were  collected: 

1  60-82*  at  8  mm  —  9  g,  n^  1.4558: 

2  82-85*  at  8-10  mm  -23  g.  n§  1.4561: 

3  85-130*  a:  10-11  mm  -  7  g.  n^*1.5559; 

4  130-132*  at  10-11  ram  -21  g.  nS  L5600; 

5  122-134*  at  10-  9  mm  -10  g.  n"  1.5600; 

6  124-i4fi*at  &-n  mm -20  g.  ng  1-5605; 

7  146-158*  at  11-10  mm-£5g.  n^  1.5625. 

Of  these  fractions,  the  2nd.  4th.  and  5th  were  examined  more  closely.  The  second  fraction  was  distilled  at 
762  mm  to  give  8  g  substance  wiih  b.p.  170-173*.  In  boiling  point  and  refractive  index  (n^  1.4560)  it  corresponded 
to  echa.nolamine.  the  liierature  values  for  wldch  [6]  arc  b.p.  171*  and  1.4639,  The  product  collected  at  130-132* 
and  10-11  mm  (4th  fraction)  solidified  on  standing  to  a  white  crystalline  mass,  readily  soluble  in  alcohol.  After 
two  xecrystaliiza lions  from  alcohol,  It  melted  at  37.6-38.5*.  In  melting  point  it  was  identical  with  5-meihyl-3- 
phenyloxazolidine  (m.p.  37-33*)  as  described  by  Kor  and  Roberts  [3).  A  mixed  sample  with  the  5-methyl-f  phenyi- 
oxazolidine  p.n.pared  by  the  method  of  Kon  and  Roberts  melted  at  37.5-38.5*.  The  analytical  data  also  conespond- 
ed  to  5-tnethyl-3-phenyloxazolidlne. 

0,1485  g  sifesunce:  0.3993  g  CO,;  0,1131  g  Hf).  Found  C  73.34;  H  8.50.  C|,HuON.  Calculated 

C  73.60,  H  7.97. 

Tne  fifth  fiacuon  also  solidified  on  standing  to  a  white  crystalline  mass  and  was  5-meihyl-3-pheryloxazolidinc, 
melting  after  two  recrystallizations  from  alcohol  at  37.6-38.5*. 

5.  Interaction  of  2 -Ph  e  ny  lo  xaz  olid  ine  with  fi -Hy  d  ro  xy  propy  1  a  ni  1  In  e 

37.25  g  (0.25  mole)  2-phenyloxazolidine.  prepared  by  the  method  of  Knorr  and  Matthes  (71  (b.p.  132-134* 
at  9-7  mm.  n“  1.5700),  was  stirred  with  37.72  g  (0.25  mole)  6-hydioxypropylar.iline  and  50  ml  alcohol  (not 
anhydrous).  The  mixture  was  mechanically  stirred  for  8  liours  at  room  temperature;  the  alcohol  was  then  driven 
ofl  on  a  boiling  water  bath  and  the  residue  fractionated  in  vacuum,  the  following  being  collected:  1st  fraction, 
35-141*  at  30-9  mm.  30  g;  2nd  fraction.  141-180*  at  9-8  mm,  26  g;  3id  fraction,  180-193*  at  8  mm,  16  g. 

Of  these  the  1st  and  3rd  were  examined;  the  1st  fraction  was  distilled  at  atmospheric  pressure  to  give  2  g 
substance  with  b.p.  169-172*  (n*^  1.4500).  identified  as  ethanolamine  (71  The  3;d  fraction  soUdified  on  standing 
to  a  while  cry'sta nine  mass.  The  crystals  were  washed  with  alcohol.  Yield  9  g.  The  product  was  subsequently 
washed  with  sodiam  carbonate  solution  and  recrystallized  from  alcohol;  it  then  melted  at  87.2-88.5*.  ti  melt¬ 
ing  point  was  identica'  with  that  of  6-meihyl-2.3-diphenyloxazolidine  (m.o.  88.5-89.6*)  and  a  mixture  did  not 
give  a  depression  (ihi  mixture  melted  at  87.2-88.5*).  The  analytical  dau  also  corresponded  to  5.methyl-2.3^l- 
phenyloxazolidine  (V). 
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benzene  and  6  ml  hydrocWoric  acid(f>.  gcIl.lS).  The  leactloa  was  performed  with  heating  and  contimiom  atlmni. 
The  water  forir*fd  during  Ihe  reaction  wsx' entrained  by  the  benzene  and  collected  In  the  trap.  The  pmees  was 
continued  until  water  ceased  to  come  off  (flO  ml  was  coUecied  Ui  all).  At  the  end  of  the  process,  the  prodact  wai 
neutralized  wUh  sodium  carbonate  lolizinni.  extracted  with  butanol  and  fractionated  in  vacuum.  The  methylene- 
ethanolamine  aceuie  fraaion  was  colleccaJ  at  lC0-105'and  7-6  mm  in  amount  of  30  g.  For  fwther  pvification 
it  was  redistilled  to  give  a  product  with  kg?,  103*104*at  6  mm,  14  g.  Readily  mobile  liquid  with  b.p.  224-(226* 
at  761  rtuit 

dS  1.1485;  n^  1.4762;  MRp  28.29;;  <Dnlc.  28.64. 

0.8001  g  sii)stonce:  68.95  ml  0.1  IK  H^4.  0.7368  g  siibsunce:  62.80  ml  0.1  N  H|SO^  0.8606  g  «*- 

sunce;  34.88  g  water;  At  0.42*.  Roinxl  It:  N  12.06.  11.94;  M  108.67.  CjHPfN.  Calculated  V.  N  12.17: 

M  115. 

4.  Interaction  of  1.3-Dihydrox"^ethyltetrahYdro-1.3-dlazinc 
with  B -Hydroxypiopylaniline 

In  a  flask  with  a  ground-glass  stopper  were  placed  72.8  g  (0.498  mole)  l,3-<lIhydroxyethyltetrah3fdro-l,3^- 
azine,  120.8  g  (0.8  mole)  S -hydro xypropylsiniline  with  b.p.  132-133* at  3  mm  (n*  1.5620)  and  50  ml  ethyl  alcohol 
(not  anhydrous).  The  reaction  was  conduetted  at  room  temperature  for  8  hours.  From  time  to  rlrrre  the  mixture  was 
shaken.  The  alcohol  was  distilled  off  on  thie  boiling  water  bath  when  the  reaction  was  concluded.  The  residue  was 
distilled  in  vacuum  through  the  column  desenibed  by  Kazansky  and  co-workers,  fined  with  a  Whitmore-Lukes  con¬ 
denser  and  Fenske  packing.  The  follovring  ftractions  were  collected: 

1  60-62*  at  8  mm  —  9  g,  1.4558; 

2  82-65*  at  8-10  mm -23  g.  ag  1.4561; 

3  8£-J30*at  10-11  mm-  7  g.  ng*1.5559; 

4  130-^.32*  at  10-11  mm -21  g.  ng  L5600; 

5  132-U54*at  10-  9  mm-lOg.  n"  1-5600; 

6  124-i46*at  9-11  mm -20  g.  nj  1.3605; 

7  146-:i58*at  11-10  min -25  g.  n^  1.5625. 

Of  these  fractions,  the  2nd.  4th,  and  5:th  were  examined  more  closely.  The  second  fraction  was  distilled  at 
762  mm  to  give  8  g  substance  wiih  b.p.  170-:!73*.  In  boiling  point  and  refractive  index  (n “  1.4560)  it  corresponded 
to  ethanolamine,  the  literature  values  for  whuch  [6]  are  b.p.  171*  and  n”  1.4539.  Tbc  product  collected  at  130-132* 
and  10-11  mm  (4th  fraction)  solidified  on  sisinding  to  a  white  crystalline  mass,  readily  soluble  in  alcohoL  After 
two  reciystallizations  from  alcohol,  it  meiiea:  at  37.5-38.5*.  In  melting  point  it  was  identical  wiih  5-meihyl-3- 
pbenyloxazolidine  (m.p.  37-3'i“)  as  desetibea  by  Kop  and  Roberts  [3).  A  mixed  sample  with  the  5-fnethyl-3-pbenyl- 
oxazolidme  prepared  by  the  method  of  Kon  sand  Roberts  melted  at  37,5-38.5*.  The  analytical  data  also  correspond¬ 
ed  to  5-meihyl-3-phenyIoxazolidine. 

0.1485  g  substance:  0.3993  g  CO^  0.11131  g  Hfi.  Found  C  73.34;  H  8.50.  Ci,HuON.  Calculated  V 

C  73.60,  H  7.97. 

The  fifth  fraction  also  solidified  on  siamriing  to  a  white  crystalline  muss  and  was  5-methyl-3-phepyloxazolidiae. 
melting  after  two  recrystallizatuxts  from  alc-TUiol  at  37,5-38.5*. 

5.  Interaction  of  2-Phenylo  xazol^idine  with  £ -Hyd  ro  xy  propyl  a  nil  ine 

37.25  g  (0.26  mole)  2-phenyloxazoIidmK..  prepared  by  the  method  of  Knorr  and  Matthes  [71  (b.p.  132-134* 
at  9-7  mm,  n“  1.5700),  was  stm-ed  with  37. '71  g  (0.25  mole)  £ -hydro xypropylanilinc  and  50  ml  alcohol  (not 
anhydrous).  The  mixture  was  mechanically  m.irred  for  8  hours  at  room  temperature;  the  alcohol  was  then  driven 
oft  on  a  boiling  water  bath  and  the  residue  frautiionaied  in  vacuum,  the  following  being  collected:  Isi  fraction, 
35-141*  at  30-9  mm.  30  g;  2nd  fraction,  141-L60*ai  9-8  mm.  26  g;  3xd  fraction.  180-193*  at  8  mm.  16  g. 

Of  these  the  Ist  and  3rd  were  examined:  the  1st  fraction  was  distilled  at  atmospheric  pressure  to  give  2  g 
substance  with  b.p.  169-172*  (n'j*  1.4500).  idemiified  as  ethanolamine  [71  The  3id  fcaction  soUdified  on  standing 
to  a  white  crystalline  mass.  The  crystaU  were  washed  with  alcohol.  Yield  9  g.  The  product  was  subsequently 
washed  with  sodium  carbonate  solurion  and  rtc-ystallized  from  alcohol;  it  then  melted  at  87,2-88.5*.  fts  melt¬ 
ing  point  was  identical  with  that  cf  5-meihyi-i,3-diphenyloxaiolidine  (m.p.  88.5-89.5*)  and  a  mixture  did  cot 
give  a  depression  (the  mixture  melted  at  87.2-^£.6*).  The  analytical  dau  also  corresponded  to  5-fncihyl-2. 3^1- 
phenyloxazolidlne  (V). 
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1.14)0  g  si^unce:  0.4242  g  CO|;  0.1014  g  Hp.  0.6958  g  sidxunce:  26.98  ml  0.1  N 
;  80.12;  H  7.85;  N  5.43.  CjgHiPR  CalcuUted  C  80.33;  H  7.12;  N  5.85. 


SUMMARY 

1.  The  preparation  of  1.3<dibydrDxyethykeuabydro-l,3-diazioe  aid  of  the  product  of  iu  acetylatico 


1^  It  was  esublished  that  the  product  of  acetylation  of  1.3>dihydtoxyethyltetxabydro-1.3^iazlne  pol 
eated  in  vacuum  and  forms  metbyleiie-fi<«ceu>xyethylainine. 

It  is  shown  that  1.3<lihydroxyethyltetrahydro>1.3<diaziiie  reacu  with  8  *hydtoxypropylaniline  to  f( 
e  a'nd  5>metbyl-3-pheayloxazolidine.  A  mechanism  of  this  reaction  is  given. 

I.  The  reaction  of  displacemem  of  ethanolamine  from  2-phenyloxazoluli&e  by  aromatic  aminoalcol 
d.  This  phenomenoo  of  hydra minolysis  is  here  described  for  the  first  time. 
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SYNTHESIS  OF  DERIVATIVES  OF  1>HTDB40XTPH£NAZINE 


V.  HALOGEN  DERIVATIVES  OF  1-METHOXZ7HENAZ1NE 


S.  B.  Serebxyany  and  N.  A.  H^aukima 


In  the  first  commmucation  the  synthesis  of  monochloropbenjLziaes  aeaii.  t£  soa^  dichlorcpheiutzines  was 
descilbed  fl). 

In  the  present  paper  we  consider  the  preparation  of  chloto  derivativest  of  l-iztethoxyphenazine.  We  pre*~ 
pared  these  compounds  widi  the  aim  of  further  uansforrains  them  into  chinar-  decivziives  of  N^lkylphenazin- 
one-l, 

Chloto  derivatives  of  1-fnetboxyphenazine  were  synthesized  by  alka.'uite  compensation  of  o-nitroanisole 
with  m-  and  p-chloioanilices.  From  the  mixture  of  phenazine  bases  obumex  by  cxndensation  of  o-nitroanls- 
ole  widj  p-chloioanillac  was  isolated  l-methoxy-T^hlorophenazine  with  anj.  2CS>-IL10*.  This  preparation  was 
recently  obtained  by  Vivian  [2]  by  a  complicated  scute  from  a  derivative  <xf  I'&ttadi^eaylamine 

On  condensation  of  o-ciiroaniscle  with  m*chlotcaniline  we  should  esgec;  twc  chJoro  derivatives  of  1- 
meihoxypbenazine. 


(0  (ID  (in) 


From  the  mixture  of  phetrazine  bases  formed  in  this  condensation,  mi  Isolated  two  chloro  deri' 

vatlves  of  l-methoxyphenazine;  lijiht -yellow  needles  with  m.p.  165-166*  cange-yellow  needles  with 

.’n.p,  184-186*(ID. 

The  position  of  the  chlorine  atoms  in  these  preparations  was  esiab^^ntec  in  zxt  following  manner:  m-nilto- 
azusole  was  brought  into  condensation  with  p^hloroanlline;  two  phenazine  oases  *«-£rc  formed:  light -yellow  needles 
with  m.p.  165-168*  and  light -yellow  needles  with  m.p,  150-151*  (III).  Bciz  ttres  with  m.p.  165-166*did  not 
give  a  depression  in  a  mixed  test.  Consequeiuly,  they  are  both  ideraicai  *‘1:1  I-me:hcxy-6-chlorophena2ine  (D. 
Hence,  it  follows  that  the  preparation  with  m.p.  184-185*  (ID  is  l-methc.r’-o-chlax phenazine,  while  the  prepara¬ 
tion  with  m.p.  150-151*  (m)  is  3-methoxy-G-chloiophcnazine.  The  last  sun>c.aace  was  obtained  by  Vivian,  m.p. 
151-152*  123. 

Employment  of  the  chromatographic  technique  for  resolution  of  the  mod  jcir  cJ  condensation  enabled  us  to 
detect  some  secondary  products  of  alkaline  condensation  in  these  reactusni.  Ccocensation  of  o-curoanisole  with 
chioro  derivatives  of  sninw^  gives,  apart  from  chloro  derivatives  of  l-mesrucrypc-cnazine,  derivatives  of  phena*-* 
me  not  containing  methoryl  groups. 

Thus,  on  condensation  of  o-nitroanisole  with  p<hloroaiiiline.  2<hluiinphef-t  r.:ne  is  formed  in  addition  to 
l'methoxy-7-chIarcphena2ine.  From  the  mixture  of  phenazine  bases  obca.:ii.x  by  roadensallon  of  o-nitroanisolc 
with  m^hloroanilinc,  1-  2<hlorophenazines  were  isolated  in  addition  zc  isjt  £-  and  8<hloro  derivatives  of 
I'fnethoxyphenazlne.  We  also  detected  dimethoxyphenazlnes  in  the  mixt-iue  of  cendensation  products;  from  the 
products  of  condensation  of  unitroanisole  with  p-chloroanilioe  was  isolatrsr.  l,T-<.ZDCthox7phenazine,  while  the 
products  of  reactiou  of  o-oitrotnisole  with  m-chloroa«lline  irxluded  l,8-«i:meLacx375hena2ine. 


EXPERIMENTAL 


Alkaline  condensaUoo  was  condiKied  in  a  three -necked  reactor  which  was  equipped  with  a  metcuryiealod 
stirrer  and  a  reflux  condenser.  The  latter  was  connected  to  the  reactor  via  a  Dean  and  Sud(  trap.  Into  the  reac¬ 
tor  were  chaiged  the  nliro  compound  and  the  amine  (in  1: 1  molar  ratio);  potattium  hydroxide  powder  was  <'iop?od 
in  and  toluene  was  added.  The  reaction  mixture  was  boiled  for  7  hours.  At  the  end  of  the  reaction  the  conuius 
were  cooled  and  poured  into  1  liter  water.  The  toluene  layer  was  diluted  with  three  times  the  eolume  of  lolireni 
and  separated  from  the  alkali  solution.  The  solvent  and  the  unreacted  starting  materials  were  distilled  off  with 
steam.  The  residue  after  the  distillation  was  dissolved  in  dichlorocihane  and  worked  up  with  20^  hydrochloric 
acid  (3-4  times  with  100-150  ml  each  time).  The  combined  acid  extracts  were  filtered  and  treated  with  aqueous 
ammonia.  The  separated  mixture  of  phenazine  bases  was  dissolved  in  benzene  and  chromatographed  on  alumina. 
The  chromatogram  was  developed  with  benzene.  The  phenazine  derivatives  distributed  over  the  various  zones 
were  separated  mechanically.  Each  zone  was  eluted  with  a  mixture  of  alcohol  and  benzene.  The  solvents  were 
dxatm  off  to  leave  a  small  volume  and  the  phenazine  base  was  separated  by  treatment  with  20^  hydrochloric  acid 
followed  by  precipitation  with  aquecus  ammonia.  In  some  cases  for  complete  resolution  of  the  mixture,  the  chrom- 
atogramming  was  repeated  several  times. 

1 -Met hoxy-7-chloro phenazine.  A  mixture  of  15.3  g  o-nitroanisole,  12.8  g  p<hloroaniline,  28  g  KOH  and 
150  ml  toluene  was  heated  7  hours.  In  all.2.11  g  of  impure  mixture  of  phenazine  bases  was  obuined.  Three  zones 
were  observed  when  the  chromatogram  was  developed:  lower  one,  light -yellow;  middle  one,  yellow;  top  one,  yel¬ 
low -Uown. 

From  the  bottom  zone  '.ras  isolated  0.8  brownish-yellow  needles  with  p.  135-138*.  Crystallization  from 
alcohol  gave  light -yellow  needles  with  m.p.  139-140*.  The  preparation  dissolves  In  199»  hydrochloric  acid  with  a 
yellow  color.  A  mixed  test  with  2 -chloro phenazine  did  not  give  a  depression.  This  substance  is  therefore  2<hloro- 
phenazine.  Yield  cA  Ac  theoretic  a  L  From  the  middle  yellow  zone  was  isolated  0.45  g  yellow  needles 
with  m.p.  198-202*.  The  preparation  dissolves  in  15^  hydrochloric  acid  with  a  red  color  and  contains  chlorine. 
was  purified  by  recrysiallicaiion  from  ligroine.  Brownish  prisms  with  m.p.  209-210*. 

Found  <5^;  N  11.32.  11.50.  Calculated  Ik:  N  11.45. 

The  analysis  and  chemical  properties  of  this  preparation  xleniify  it  as  l-methoxy-T-chlorophenazine  (Vivian 
reports  m.p.  209-211*  [2]).  From  the  top  brownish-yellow  zone  was  isolated  0.5  g  substance  with  m.p.  150*.  hb 
chaiige  in  m.p,  after  crystallizaiion.  This  substance  does  not  contain  chlorine  and  dis.olve$  in  15*5^  hydrochloric 
acid  with  a  brownish-rsd  color.  For  analysis  i:  was  purified  by  crystallization  from  dilate  acetic  acid.  Yellow 
needles  with  m.p.  150*. 

.cound N  11.63,  11.68.  Calculated  Ik:  N  11.66. 

The  preparation  melts  at  the  same  temperature  as  1.7-dimeihoxyphcnazine  [3]  and  does  not  give  a  depres¬ 
sion  in  admixture  with  it.  Yield  of  the  theoretical.  Total  yield  of  phenazine  bases  7.6^  of  theoreticaL 

l-Meilioxy-6-chloro- and  l-meihoxy-8-chlorojhenazines.  A  mixture  of  15,0  g  o-nitroanisolc,  12.8  g  m-chloro- 
aniline  and  25  g  KOH  in  150  ml  toluene  was  boiled  for  7  hours.  3.51  g  of  a  mixture  of  phenazine  bases  was  iso¬ 
lated.  Chromatographic  resolution  of  the  benzene  solution  gave  three  zones:  lower  one,  light-yellow;  middle  one, 
yellow,  and  top  one,  brown-yellow.  A  mixture  of  compounds  was  fourxf  to  be  adsorbed  In  each  zone.  The  eluaies 
of  the  bottom  and  middle  zones,  after  removal  of  the  alcohol,  were  therefore  again  chromatogrammed  on  alumina. 
The  hoiiom  zone  then  yielded  two  substances; 


1)  0.23  g  greenish-yellow  needles  with  m.p.  115-117*;  this  compound  was  located  in  the  lower  part  of  the 
chromatogram.  It  contams  halogen  arxl  dissolves  In  l&’k  hydrochloric  acid  with  a  yellow  color.  Crystallization 
from  alcohol  gave  light-yellow  needles  wUh  m.p.  20-22*.  A  mixed  test  with  1-chloiopheruzine  did  not  give  a  de¬ 
pression. 


2)  0.8  g  brownish-yellow  needles  with  m.p.  135-138*;  the  preparation  contains  halogen  and  dissolves  in  l59o 
hydrochloric  acid  wuh  a  yellow  coloi.  Crystallizes  from  alcohol  as  light-yellow  needles  with  m.p.  139-140*.  A 
mixed  test  with  2-ch]orophenazine  did  not  give  a  depression.  YleU  of  chlorophenazines.  4.glkof  the  theoretical. 
Cruomaiogrammlngof  the  eluate  of  the  middle  zone  from  the  original  chromatographic  treatment  gives  the  fol- 
ow  ng  picture:  in  visible  light  two  zones  are  not  observed,  but  in  ultraviolet  light  two  zones  can  be  clearly  dis¬ 
tinguished  —a  lower  yellow  one  and  an  upper  greenish -yellow  one. 


a^tment  of  the  lower  zone  gave  l-methoxy-8<hlorophenazine  in  the  form  of  small  orange- 
y  ow  needles  with  m.p.  184-186*.  The  preparation  was  purified  for  aralysis  by  crysullization  from  Ugrolnc. 
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Siitfll  orMse-^ellow  needles  with  m.p.  Ib4<185*. 

Feund  %  N  11.20,  11.16;  Cl  14.40,  14.49.  CalcuUted  1b;  N  11.45;  Q  14.49. 

From  the  upper  greenish-yellow  zone  was  isolated  a  sid>stance  with  m.p.  140-152*.  This  was  evideuly  a 
mixture  of  two  pbenazine  bases.  Repeated  chromatogtamming  of  the  benzene  solution  of  this  mixtuie  on  aln* 
mlna  led  to  Isolation  of  a  compound  with  m.p.  160-161*  and  a  further  quantity  of  l*inethc>xy-6<hlorophenaziBe 
with  m.p.  184-185*.  The  l-fnetboxy-6-chiorophenazlne  with  m.p.  160-161*  was  recrysullized  from  aqueoro  alco¬ 
hol  pilor  to  analysis.  Yellow  needles,  m.p.  165-166*. 

Found  %  N  11.30;  Cl  14.31.  CnH^N^l.  Calculated  lb;  N  11.45;  Cl  14.49. 

Both  preparations  dissolve  in  15^  hydrochloric  acid  with  a  ted  color.  A  total  of  1.65  g  l-methoxy-S-chkoo- 
phctiazine  with  m.p.  184-185*  was  obtained  and  0.57  g  l*inethoxy‘6<hlorophenazine  with  m.p.  160-161*.  The 
yield  of  these  bases  was  9.1^  of  the  theoretical.  From  the  eluate  of  the  upper  biownish^ellow  zone  of  the  original 
chromatogram,  after  concentration  of  the  solvem  to  a  small  volume,  crystallized  brownish-yellow  needles  widi 
m.p.  254-255*.  This  sdbsunce  does  not  contain  halogen  and  dissolves  in  15lb  hydrochloric  acid  with  a  dark-ted 
color.  For  purification  it  was  crystallized  from  llgroine.  long,  filiform,  bright-yellow  needles  with  m.p.  219- 
260*.  A  mixed  test  with  1.8-dimethoxyphenazinc  [4]  did  not  give  a  depression.  From  the  mother  liquor  was 
isolated  a  mixture  of  phenazine  bases.  Chromatographic  resolution  of  this  mixture  yielded  a  f'uther  quantity  of 
I,8-<limethoxyphenazine  and  a  mixture  of  methoxychlorophenazines.  A  total  of  0.15  g  1.8-dimethoxyphenazine 
was  obtained.  The  total  yield  of  i^enazine  bases  obtained  by  condensation  of  o-nitroanisole  with  m<hlotoani- 
line  is  l4.  llo  oi  the  theoretical. 

l-Methoxy-6-chloro-  and  3-methoxy-6-chloicphenazines.  A  mixture  of  7.7  g  m-nitroanisole,  6.4  g  pchloro- 
aniline,  13  g  KOK  and  75  mltoluene  was  boiled  for  7  hours.  Chromatographic  resolution  on  alumina  of  the  mix¬ 
ture  of  phenazine  bases  from  benzene  solution  gave  two  zones:  lower  one,  light -yellov*  and  upper  one,  yellow. 
From  the  lower  one  was  isolated  brownish -yellow  needles  with  m.p.  150-151*.  The  preparation  dissolves  in  Xlffo 
hydrochloric  acid  with  a  yellow  color.  Foi  analysis  the  prep>aration  was  purified  by  crystallization  from  aqueous 
airohcl.  Small,  light-yellow  needles,  m.p.  160-151*. 

Found'S):  N  11,13.  Cj,HpNjCL  Caicuiaied  1e;  N  11.45. 

From  the  upper  zone  was  isolated  a  preparation  with  m.p.  160-162*  soluble  in  hydrochloric  acid  with 
a  red  color.  After  crystallization  from  aqueous  alcohol  it  meltee  at  165-365*.  The  yield  of  phenazine  bases  in 
this  condensation  is  relatively  low  and  amounts  to  1.2^  of  the  theoieticaL 

The  authors  arc  extremely  grateful  to  ftof.  A.  L  Kiprianov  for  valuable  advice  and  guidance  duiing  the 
research. 

SUMMARY 

1.  1  •Metboxy-7-chloropbcnazine  is  obtained  by  alkaline  condensation  of  o-siitroanisolc  with  p<hloroaniline. 

2.  Condensation  of  o-siitroanisole  with  m<hloroaniJine  and  of  m-rutroanisole  with  p-chloroanilme  gives  a 
mixiiue  of  chloro  derivatives  of  1 -me tiioxy phenazine:  in  the  first  case  a  mixture  of  x-methoxy-€<hloro-  and  1- 
mcthoxy-8-chloiophenazLne$;  in  the  second  a  mixtuie  of  l-m'ctboxy6-chlora-  and'  3-mcthoxy*6<hlorophenazines, 
These  mixtures  were  resolved  by  chromaiogra.m.ming  of  itieir  benzene  solutioiu  on  alumina. 

3.  Condensation  of  o-fuuoanisole  with  chloroanilines  gives,  apart  from  derivatives  of  l-meihoxyphenazine, 
derivatives  of  phenazine  arid  dimethoxyphenazlnes, 
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•See  Consultants  Bureau  Translation,  page  1691. 
••  •  ••  -  ••  ••  2265. 
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